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CHAPTER   I. 


80BEW    THREAD    SY8TBMB. 

Before  entering  upon  tbe  subject  of  screw  thread  tools  and  gages, 
we  will  shortly  review  the  more  common  screw  thread  Bystems.  giving 
the  moat  important  inronnation  regarding  each,  and  will  present  such 
tables  and  (ormulaB  as  give  the  basic  Information  which  the  ordinary 
mechanic  requires.  While  a  great  many  more  syatenis  than  are  here 
reviewed,  have  been  proposed  from  time  to  time,  only  those  which 
have  been  officially  recognised  by  mechanical  men,  or  which  have 
gained  prestige  on  account  of  universal  use  and  adoption,  here  or 
abroad,  will  be  treat«d. 

Tba  United  States  Standard  Thread. 

The  United  States  standard  thread,  usually  denoted  U.  S.  S.,  has  a 
cross  section  as  shown  In  Fig.  1.  The  sides  of  the  thread  form  an 
angle  of  60  degrees  with  one  another.  The  top  and  bottom  of  the  thread 


are  flattened,  tbe  width  of  the  flat  In  both  cases  being  equal  to  one- 
eighth  of  the  pitch  of  the  thread.  In  this  connection  it  may  be  appro- 
priate to  define  the  expression  pitch  aa  well  as  lead,  as  these  two 
expressions  are  very  often  contused,  and  tbe  word  pitch,  in  particular, 
often,  though  erroneously,  used  In  place  of  "number  of  threads  per 
Inch."  The  pitcfa  of  a  thread  Is  the  distance  from  center  to  center  of 
two  adjacent  threads.  It  is  equal  to  the  reciprocal  value  of  the  num- 
ber of  threads  per  Inch,  or,  if  expressed  in  a  formula: 
1 

Pitch  = 

Number  of  threads  per  Inch. 
The  lead  of  a  screw  thread  is  the  distance  the  screw   will  travel 
forward  If  turned  around  one  complete  revolution.     It  Is  evident  that 
for  a  single  threaded  screw  the  pitch  and  the  lead  are  equal-     la  a 
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double  threaded  screw,  the  lead  equals  two  times  tbe  pltcb.  In  a  triple 
threaded,  three  times,  etc.  The  definitions  glTen  for  pitch  and  lead 
should  be  strictly  adhered  to,  as  great  confusion  ii  often  caused  hj 
improper  Interpretation  ot  the  meaning  of  these  Uims.  Contusion  Is 
also  caused  by  indefinite  designation  of  multiple  thread  screws.  The 
most  common  war  to  state  tbe  lead  and  the  class  of  thread  I«  perhaps 
to  sar  1&  inch  lead,  douBle,  which  m^ane  a  screw  with  a  double  thread, 
which,  when  cut,  has  tbe  lathe  gaared  for  tour  threads  per  Inch,  but 
each  thread  la  cut  onlj  to  a  depth  corresponding  to  eight  threads  per 
Inch.  Tbe  same  condition  is  also  expressed  ij:  4  threadt  per  Inch, 
double.  These  two  ways  of  expressing  the  number  of  multiple  threads 
are  both  correct,. but  the  exprcBston  which  ought  to  be  used  in  order  to 
avoid  miBunderstandlng  under  any  circumstances  would  be:  %  lead, 
%  pitch,  double  thread. 

Betumlng  to  the  form  of  the  U.  8.  S.  thread,  we  find  that  U  the 
thread  is  flattened  one-eighth  of  the  pitch  at  top  and  bottom,  the  depth 
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of  the  thread  is  equal  to  thre»qnarters  of  the  depth  of  a  corresponding 
thread,  sharp  both  at  top  and  bottom.  If  p  equals  the  pitch  of  the 
thread;  d,  the  depth;  and  /  the  width  of  tbe  flat,  the  fallowing  formu- 
las express  the  relation  between  these  quantities: 


Number  of  threads  per  Inch. 
=  %  X  P  X  COB  80°  =:  0.6*952  p. 


Formula  for  the  Hvunber  of  Threads  In  tbe  Unltod  States  Standard 
Thread  Syatem. 
In  order  to  fix  deflnlteir  tbe  number  of  threads  per  Inch  correspond- 
ing to  auT  glTen  diameter  In  tbe  TJ.  S.  8.  system,  Mr.  William  Sellors, 
its  originator,  proposed  tbe  following  ^proximate  formula: 


p  =  0.2*  V  Z)  +  0.626 — 0.176, 
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In  nhlch  formula  p  equals  tbe  pitch  of  the  thread  for  any  bolt  or 
Bcrew  of  the  diameter  D. 

This  formula  la  applicable  to  all  §crevs  ^  Inch  and  larger  In  diam- 
eter.   For  diameters  below  %,  Inch  the  formula  iB  modified  bo  as  to 

p  =  0.23  V  D TO.625  —  0.17B. 

This  modification,  which  has  met  with  general  acceptance,  changlnE 
the  coefllclent  0.24  to  0.23,  was  proposed  br  Mr.  George  M.  Bond  in 
1882.  The  purpose  of  the  change  was  to  make  the  formula  applicable 
to  screw  threads  for  bolts  smaller  than  one-quarter  Inch  in  diameter. 
Mr.  Bond's  formula  tends  to  Increase  the  number  of  threads  more 
rapidly  as  tbe  diameter  decreases,  a  distinct  advantage  In  the  case  of 
small  screws. 

It  will  be  proper  to  remark  in  this  connecUon  that  screws  ll/lt, 
13/16  and  15/16  Inch   In  dlamater,  which  according  to  the  formula 
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given  ought  to  have  lu,  9  and  S  threads  per  inch,  r€Si>ectively,  are  in 
usual  manufacturing  practice  made  with  11,  10  and  9  threads  per  Inch. 
The  Sharp  V-Thread. 
The  sharp  V-thread,  Fig.  2,  is  very  similar  to  tbe  U.  8.  S.  thread, 
except  that  theoretically  it  Is  not  provided  with  any  flat,  either  at 
the  top,  nor  at  the  bottom  of  the  thread.  In  common  practice,  however, 
it  has  proved  necessary  to  provide  this  thread  with  a  slight  flat  on 
top  of  the  thread.  There  are,  unFortuDatcly,  some  dllllcultleB  caused 
by  providing  a  flat  on  tbe  top  of  sharp  V-threada,  the  principal  one 
being  that  no  definite  standard  for  this  flat  has  been  settled  upon. 
Some  manufacturers  have  used  tbe  same  flat  as  is  used  for  the  Brlggs 
standard  pipe  thread,  which,  although  theoretically  rounded  at  top 
and  bottom,  Is,  In  this  country  at  least,  made  with  a  small  flat  on  the 
top  of  tbe  thread.  Tbe  width  of  this  flat  Is  selected  so  as  to  give 
exactly  tbe  same  angle  diameter  as  is  obtained  when  rounding  the 
thread  In  accordance  with  Brlggs'  orlglaal  proposition.  This  flat  tB 
equal  to  about  one-tweuty-fiftb  of  tbe  pitch.  ^^ 
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It  p  equals  the  pitch  of  the  thread;  d,  the  depth;  and  /.  the  width 
of  the  flat  on  the  top  of  the  thread,  the  followlog  formulas  esprees  the 
relation  between  the  various  quantities  ot  the  sharp  V-thread: 


25 
Attention  mu8t  be  called  to  the  tact  that  the  formula  for  the  width 
of  the  flat  is  selected  simpt;  to  give  an  arbitrary  value,  which  la  nul 
recognized  as  any  standard  element  of  the  sharp  V-thread.  In  flgurlng 
the  depth  of  the  thread,  this  flat  la  not  considered,  and  the  depth  Is 
arrived  at  as  It  the  thread  were  exactly  sharp. 

Oomparlsoti  Between  the  D.  S.  S.  and  the  Sharp  V-Thread. 

The  two  standards  referred  to  hitherto  are  the  two  forms  ot  threads 

moot  commonly  used  In  the  United  States.    The  objections  to  the  sharp 
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V-thread.  as  compared  with  the  U.  S.  S.  thread,  are  that  the  compara- 
tively sharp  points  of  the  teeth  are  very  frail;  that  the  groove  at  the 
bottom  of  the  thread,  being  sharp,  facilitates  fracture  under  strain; 
that  the  depth  ot  the  thread,  being  considerably  greater  than  that  of 
the  U.  S.  S.  thread,  subtracts  from  the  effective  area  at  the  root  of 
tbe  thread  of  the  screw,  thus  Impairing  the  tensile  strength  of  the 
threaded  bolt,  and  finally,  that  In  case  of  taps,  tbe  sharp  V-thread  baa 
tesB  endurance  and  shorter  life,  and  is  capable  ot  smaller  duty,  owing 
to  the  trail  and  easily  worn  away  points  ot  the  thread.  In  spite  ot  all 
this,  however,  the  sharp  V-thread  will  long  continue  to  be  in  general 
use,  primarily  because  It  has  so  thoroughly  established  itself  in  the 
mechanical  industries.  This  form  of  thread  has  also  another  very 
strong  claim,  because  ot  being  admirably  adapted  to  tbe  making  ot 
steam-tight  Joints,     It  answers  tbts  purpose  best  of  all  common  t 
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of  thread,  &nd  all  patcb  bolt  tapB.  boiler  taps  and  stayboU  taps  are, 
as  a  rule,  provided  with  sharp  V-tbreade. 

Tli«  Wbltwortb  Standard  Thread. 
Tbe  Wbltwortb  standard  thread,  Fig.  3,  la  used  cblefly  in  Great 
Britain,  but  to  a  certain  extent  also  In  the  United  States.  Its  use  here, 
however,  has  greatly  diminished  since  the  U.  B.  S.  thread  commenced 
to  gmln  general  approval.  The  Whltworth  standard  [b  the  older  one 
oC  the  two,  and  was  the  Srat  recognized  screw  thread  system.  In  the 
Wbltworth  standard  thread  the  sides  ot  the  thread  form  an  angle  of 
65  degrees  with  one  another.  The  top  and  the  bottom  of  tbe  thread 
are  rounded  to  a  radius  determined  by  the  depth  of  the  thread,  which 
Is  two-thirds  of  a  thread  with  the  same  angle  which  were  sharp  at 
top  and  bottom.    The  radius  at  the  top  Is  the  same  as  tbe  radius  at 
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the  bottom.    It  p  and  d  equal  the  pitch  and  the  depth  ot  the  thread, 
respectively,  and  r  the  radius  at  the  top  and  bottom,  then 

2  P 

d=— X  — Xcota?"  30'  =  0.6«33p. 

3  2 
r= 0.1373  p. 

The  advantages  of  the  Whitworth  thread  are  that  screws  with  this 
form  ot  thread  have  all  the  strength  possessed  by  screws  with  U.  S.  S. 
threads,  and  at  the  same  time  have  no  sharp  corners  from  which 
fractures  may  start.  Screws  and  nuts  with  this  form  of  thread  will 
work  well  together  after  continued  heavy  service  when  other  forms  of 
thread  would  fail.  Whltworth  threads  are  used  In  the  United  States 
chiefly  on  special  screws,  such,  for  instance,  as  screws  for  gasoline 
needle  valves,  where  a  liquid-tight  and  yet  working  fit  ts  desired.  It  is 
also  often  used  for  locomotive  boiler  staybolts.  The  objections  to  the 
Whltworth  form  of  thread  are  that  the  angle  of  GS  degrees  cannot 
be  measured  or  simply  laid  out  with  ordinary  tools,  and  that  the 
rounded  comers  at  the  top  and  bottom  cannot  be  produced  with  any 
degree  of  accuracy  without  great  difficulty,    Tbe  Whltworth  standard 
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screw  syatem  1b  denoted  B.  S.  W.  (British  Standard  Whltwortb  screw 
thread)  In  Great  Britain. 

British  Stuidard  Fine  Screw  Thread. 

The  British  standard  fine  screw  thread  Is  a  sTstem  of  threads 
recently  adopted  in  Great  Britain.  The  torm  of  the  thread  Is  the  same 
as  that  for  the  Whitworth  standard,  hut  there  Is  a  greater  number 
of  threads  per  loch  corresponding  to  a  certain  diameter  than  In  the 
Whitworth  system.  The  fine  screw  thread  s7Btem  is  denoted  B.  S.  F., 
and  applies  to  screws  14  inch  in  diameter  and  larger. 

The  pitches  for  the  system  of  flne  screw  threads  are  based,  approxi- 
mately, on  the  formula: 
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In  the  above  formulas 

P=:  pitch,  or  lead  of  single-threaded  screw,  and 

d^  diameter  of  screw. 

This  standard  Is  not  Intended  to  make  the  regular  Whitworth  stan> 
dard  thread  Buperfluoue,  but  is  simply  supposed  to  offer  a  poasibilitr  ot 
a  standard  flne  screw  thread  for  such  purpoaes  where  the  regular 
Whitworth  standard  would  be  too  coarse. 

British  Abbo elation  Standard  Thread. 

The  British  AsBOcistlon  standard  thread  is  the  standard  system  for 
screws  of  small  diameter  In  Great  Britain.  It  Ib,  however,  hardly 
used  at  ail  in  the  United  States,  except  In  the  manufacture  of  tools 
for  the  English  market  The  characterlstica  of  the  thread  form  are 
similar  to  those  of  the  Whitworth  thread,  but  the  angle  between  the 
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jMdea  of  th«  thread  1b  ou]y  47  degrees  30  mlnutee,  and  the  radius  at 
the  top  aod  bottom  of  the  thread  (see  Pig.  i)  Is  proportional Ir  larger, 
depending  upon  that  the  depth  of  th«  thread  Is  smaller  lu  relation  to 
the  pitch  than  In  the  Whttwortb  standard  thread,  if  p,  d  and  r  signlty 
the  pitch,  the  depth,  and  the  radius  at  the  top  and  bottom  of  the 
thread,  respectlrety,  then 

2p 

d  =  0.6p.  r= 

11 
The  various  sizes  of  screws  In  this  system  are  numbered,  and  a  cer- 
tain number  of  threads  per  Inch  always  correapondB  to  a  certain  given 
diameter.  The  system  la  founded  on  metric  measurements.  It  waa 
first  originated  In  Switzerland  as  a  standard  for  screws  used  In  watch 
and  clock  making.  This  system  la  therefore  also  at  times  referred 
to  as  the  Swlsfl  small  screw  thread  BTatem. 

Brlgge  Standard  Pipe  Thread. 

The  Brlgga  atandard  pipe  thread  Is  made  with  an  angle  of  60  degrees. 

It  Is  slightly  rounded. oft,  both  at  the  top  and  at  the  bottom,  so  that 
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the  depth  of  the  thread,  Instead  of  being  equal  to  the  depth  of  the 
sharp  V-thread  (0.866  X  pitch).  Is  only  four-fifths  of  the  pitch,  or  equal' 


to  - 


-,  If  t 


be  the  number  of  threads  per  inch.    The  difficulty  of  pro- 


ducing a  thread  with  rounded  top  and  bottom  has,  however,  caused 
the  manufacturers  In  this  country  to  modify  the  original  standard. 
Instead  of  rounding  the  bottom  of  the  thread,  it  Is  made  sharp  as 
shown  In  Fig.  6.  The  top  Is  slightly  flattened  insteail  of  rounded,  the 
flat  being  carried  down  Just  far  enough  to  tangent  the  top  circle  of 
the  correct  thread  form.  This  thread,  as  Indicated  by  the  name,  is 
used  for  pipe  Joints  aqd  for  many  purposes  In  locomotive  holler  work. 
Taps  for  producing  Brlggs  standard  pipe  thread  are  provided  vltta  a 
taper  of  '\  inch  per  foot  on  the  diameter. 

Wblt-worth  Standard  Thread  for  Oae  and  Water  Piping. 

The  form  of  the  Wbitworth   standard  thread  for  gas   and  water 

piping  Is  simply  the  regular  Wbitworth  thread  form,  and  the  only 

difference   from  the  regular  Wbitworth  standard   is   the  number  of 
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threads  per  Inch.    Most  American  manulacturers  of  tape,  when  making 
what  ia  called  English  pipe  taps,  use  the  Whltworth  form  of  thread 

WmTWOBTH    eTAMOABD    TBttBAD    FOB    OAB    AMD    WATBB    PlPl 
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and  the  number  of  threads  according  to  the  Whltworth  pipe  thread 
system,  but  make  the  dimensions  for  the  taps  the  same  aa  for  the 
Brlggs  standard  In  all  respects.  The  taper  Is  also  made  the  same  as 
tor  the  Briggs  standard,  or  %  inch  per  foot. 

Square  Thread. 
The  square  form  el  thread  is  usually  made  about  twice  as  coarse  In 
pitch  as  the  V  or  U.  8.  S.  threads,  and  partly  for  this  reason  and  partly 
because  of  the  perpendicular  sides  of  the  thread.  It  ts  a  troublesome 
thread  to  cut  with  taps  and  dies.  There  Is  no  standard  for  the  number 
of  threads  corresponding  to  a  certain  diameter.  The  depth  of  the 
thread  Is  equal  to  the  width  of  space  between  the  teeth,  this  apace 
being  equal  to  one-half  of  the  pitch.  While  theoretically  the  space 
between  the  teeth  is  equal  to  the  thickness  of  the  tooth,  each  being 
one-half  of  the  pitch,  It  Is  evident  that  the  thickness  of  the  tooth  must 
he  enough  smaller  than  the  space  to  admit  at  least  an  easy  sliding  fit. 

The  Acme  Thread. 

The  Acme  thread,  shown  In  Fig.  6,  has  of  late  become  widely  used, 

having  In  most  instances  taken  the  place  of  the  square  thread  on  ao- 


count  of  Its  twtter  wearing  qualities,  and  the  comparative 
which  this  thread  can  be  p 
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Acme  tbread  la  the  only  ooe  whlcb  has  a  standard  provlalon  lor  clear- 
ance at  the  top  and  bottom  of  the  thread.  The  screw  U  made  of  stan- 
dard diameter,  bat  the  nut  ie  made  over-eize.  The  relationship  between 
screw  and  nut  Is  llIuBtrated  In  Fig.  7.  If  the  diameter  of  the  screw 
la  A  over  the  top  of  the  thread,  and  B  at  the  foot  of  tba  thread,  th« 
corresponding  diameters  of  the  nut  are  A  +  0.020  and  B  +  0.020  Inch. 
The  sides  of  the  thread  form  an  angle  of  29  degrees  with  one  anotfasr. 
Considering  the  screw  onlr.  It  P  to  tbe  pitch;  d,  tbe  depth  of  the  thread; 
/,  the  width  of  the  flat  at  the  top  of  the  thread;  and  c,  the  width  of 
the  flat  at  the  bottom  of  tbe  thread,  then : 
P 

d  = 1-0.010  Inch, 

2 
/  =  0.3707  p. 

c  =  0.3707  p  —  0.0062  Inch. 
The  Acme  thread  bas  maDy  good  points,  not  the  least  .of  which  is 
Its  strength,  and  the  ease  with  wblcb  It  may  be  cut  compared  with 
nwHOB  STSTBU  aTAMtiASD  laaMAB. 
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tbe  square  thread.  This  thread  Is  recommended  as  a  substitute  for, 
and  to  be  used  In  preference  to,  the  square  form  of  thread. 
French  and  International  Standard  Threads. 
The  French  and  International  standard  threads  are  of  the  same 
form  as  the  U.  S.  standard,  and  the  formulas  given  for  the  latter 
tons  of  thread  apply  to  tbe  former.  The  pitches,  however,  are  stated 
In  the  metric  meaeure,  and  are  somewhat  finer  for  corresponding 
diameters  than  the  U.  S.  S.  thread.  This  la  a  distinct  advantage, 
especially  In  the  smaller  sizes.  Tbe  standard  thread  of  the  Interna- 
tional system  Is  denoted  S.  I.  and  waa  adopted  by  the  International 
Congress  tor  tbe  unifying  of  screw  threads  held  In  Zttrlch,  1S9S.  Thto 
system  conforms  with  slight  variations  with  the  system  earlier  adopted 
In  France,  the  French  standard  thread,  denoted  S.  F.  In  order  to 
provide  for  clearance  at  tbe  bottom  of  tbe  thread  In  the  nut,  the 
congress  re/erred  to  above  specified  that  tbe  clearance  at  tbe  bottom  of 
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the  thread  shall  not  exceed  1/16  of  the  height  of  the  original  triangle. 
The  shape  of  the  bottom  of  the  thread  resulting  from  such  clearance 
la  left  to  the  manufacturers.  However,  the  congress  recommends 
rounded  profile  for  said  hottom.    By  this  provision  choice  is  given  to 

[    BTAHDABD    THBKA]}. 
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the  manufacturers  to  make  the  trattoms  of  their  threads  flat  or  ronnded 

as  desired,  and  yet  have  them  conform  to  anlnterchangeablestandard. 

Inatnunent-maker's  System. 

The  standard  screw  system  of  The  Royal  Microscopical  Society  of 
London,  England,  Is  employed  for  microscope  objectives  and  the  nose 
places  of  the  microscope  Into  which  these  objectives  screw.  The  form 
of  thread  Is  the  Whitworth  form,  the  diameter  of  the  male  gage  Is 
0.7626  Inch.  The  number  of  threads  per  Inch  Is  36. 
Machiae  Screw  Threads. 

The  American  Society  of  Mechanical  Engineers  has  adopted  a  stan- 
dard system  of  machine  screw  threads,  which  undoubtedly  will,  before 
long,  become  the  general  standard  for  small  diameter  screws.    Consld> 
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erahle  care  was  taken  In  determining  this  standard,  In  order  to  settle 
the  questions  Involved  so  as  to  meet  the  requirements  of  both  the 
makers  of  taps  and  screws,  and  the  users.  The  basic  form  of  the 
thread  ts  that  of  the  U.  S.  standard  thread. 
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IaB'  Screw  Tbreade. 

There  1b  no  recognized  atandard  for  the  sizes  and  correBpondlng 

number  ol   threads   lor  lag  ecrewB.     The   tollowlng  table,   however, 

glvee  the  number  at  threada  according  to  common  practice.    While 

i^a  aoBMvr  tbrbad  sraTBiiB  tx  common  dsb. 
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lag  screws  are  largely  mode  according  to  theae  aystema,  there  are,  bow- 
ever,  a  niunber  of  different  aratems  In  use. 

Gaa  7Ixtiu-e  Threads. 

Thin , brass  tubing  la  threaded  with  27  threada  per  inch,  irrespective 

of  diameter.     The  8»called  ornament  brass  sizes  have  32  threada  per 

Inch.     The  standard  diameters  ol  the  thread  are  0.196  Inch    (large 

ornament  braes  size)  and  0.118  Inch  (smalt  ornament  brass  size). 

Fine  Screw  Thread  ByatemB. 

We  have  prevlouely  relerred  to  the  British  fine  screw  thread  sratem 
recently  adopted.  There  Is  a  demand  (or  the  adoption  In  this  country 
of  a  atandard  system  with  a  U.  S.  S.  form  of  thread  but  with  a  finer 
pitch  than  called  for  by  this  standard.  .The  Association  of  Licensed 
Automobiie  Manufacturers  has  adopted  such  a  standard,  but  It  Is,  of 
course,  not  uulversally  recognized.  The  objection  to  the  adoption  of 
a  standard  by  a  single  body  of  manufacturers  Is  obvious.    Bven  If  the 
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standard  la  one  which  would  recommend  Itself  to  general  use,  it  would 
be  better  If  the  oRjnlon  and  the  needs  of  machine  builders  in  general 
were  considered.  On  the  other  hand  It  may  be  eaiit  in  defense  of  th« 
adopted  system  that  automobile  construction  is  so  specialized  a  manu- 
facture that  here  doubtless  may  arise  requirements  which  would  not 
present  themselves  elsewhere. 
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MAKINQ    THREAD    TOOLS. 

Tbe  chief  requiBltes  tor  cutting  a  correct  thread  ara  a  correct  thread- 
ing tool,  a  correct  setting  of  the  tool,  and  a  lathe  with  a  reasonably 
accurate  leadscrew.  In  making  a  XJ.  8.  thread  tool  a  correct  60-degree 
angle  gage  is  necesBar;.  To  produce  auch  a  gage,  first  plane  up  a 
piece  ot  ateel  In  the  shape  of  an  equilateral  triangle  aa  ahown  at  a  In 
Fig.  S.  After  hardening  this  triangle,  grind  and  1^  the  edges  nntll 
the  three  comer  angles  prove  to  be  exactly  alike  when  measured  with 
a  protractor.    This  Is  now  the  master  gage.    To  produce  the  female 
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.    CMa*B  far  Mating  ThnxUas  T< 


gage,  make  two  pieces,  one  right-  and  one  left-hand,  like  that  shown 
at  b  in  Fig.  8;  harden  them  and  lap  the  edges  that  form  the  ISO-degre* 
angle  so  that  they  are  straight,  and  square  with  both  sides.  When 
this  Is  done  the  two  pieces  should  be  screwed  and  doweled  to  a  back- 
ing plate  d  aa  shown,  using  the  master  triangle  to  locate  them,  thus 
producing  a  practically  perfect  female  gage. 

In  making  up  the  tool,  some  form  of  cutter  to  be  used  In  a  holder 
should  be  chosen  in  preference  to  a  forged  tool  on  account  ot  con- 
venience In  handling  and  measuring  and  the  ease  with  which  it 
may  be  re-ground  without  destroying  the  shape.  The  tool  should 
be  made  so  that  the  top  will  stand  level  when  in  the  holder,  and  the 
clearance  should  be  about  15  degrees,  which  Is  ample  for  a  single 
thread  unless  the  pitch  Is  very  coarse.  With  that  amount  of  clearance 
the  Included  angle  between  the  sides  of  the  tool  In  a  plane  per[>endlcu- 
lar  to  tbe  front  edge  la  approximately  61  degrees  44  minutes.  The 
tool  should  be  planed  to  that  angle  as  nearly  as  is  possible  by  measur- 
ing with  a  protractor,  then,  to  test  Its  accuracy,  it  should  be  placed  . 
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top  dowD  on  a  flat  piece  of  glass  c  and  tried  wltb  the  60-degre«  gage 
as  Bbown  In  Pig,  8.  After  lapping  tbe  tool  until  It  shuts  out  the  ligbt 
when  tried  in  tbls  manner,  tlie  angle  may  be  conaldered  as  nearly 
correct  as  it  is  possible  to  obtain  with  ordinary  means.  To  adapt  the 
V-ttiread  tool  thus  made  to  cut  tbe  United  States  standard  form  of 
thread,  It  Is  only  necessary  to  grind  off  tbe  sharp  edge  an  amount 
equal  to  one-elgbth  of  the  depth  of  a  V-thread  ot  the  required  pitcb.  or 
0.S66 

for  20  threads  per  Inch x  !4  =  0.0054  Inch.    To  test  the  accuracy 

20 
of  tills  grinding,  a  piece  of  steel  should  be  turned  up  to  the  correct 
outside  diameter  and  a  short  shoulder  turned  down  at  tbe  end  to  the 
correct  diameter  at  the  bottom  ol  the  thread;  then  the  piece  Is  threaded 
and  the  tool  ted  In  until  the  flat  of  the  tool  Just  tangents  the  shoulder. 
Then  cut  a  nick  In  the  edge  of  a  piece  of  sheet  steel  with  the  threading 


tool.  This  sheet  steel  piece  Is  now  applied  like  a  gage  to  the  threaded 
cylindrical  piece.  If  tbe  nick  In  the  sheet  steel  fits  the  thread  so  that 
it  shuts  out  the  light  the  flat  of  the  tool  is  correct. 

In  preparing  a  plug  gage  for  threading  it  should  be  made  the  same 
as  th«  cylindrical  test  piece  above  with  a  part  turned  don'n  to  the 
root  diameter  of  the  thread  except  that  for  V-thread  it  is  customary 
to  leave  the  shoulder  O.OOo  inch  large  on  account  ot  the  Impossibility 
of  producing  a  perfectly  sharp  point  on  the  tool.  The  thread  tool 
should  tie  set  level,  with  the  top  at  the  san 
of  the  spindle  of  the  lathe,  otherwise  the 
reproduced.  After  a  master  plug  has  oni 
necessary  to  turn  down  a  portion  to  the  r 
as  the  work  may  be  compared  with  the  master  plug  by  means  of  a 
micrometer  fitted  with  either  ball  or  V  points  for  measuring  In  tbe 
angle  of  the  thrend. 


oe  height  as  the  center  line  ■ 
!  correct  angle  will  not  l)e 
:e  been  produced.  It  is  not 
oot  diameter  of  the  thread. 
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It  occasiooally  happens  that  a  tap  U  ta  be  threaded,  or  other  external 
threading  te  to  be  done,  of  an  odd  size  or  pitch.  Where  It  Is  desired  to 
originate  a  master  plug  In  such  cases,  three  wires  may  be  used 
(or  measuring  the  angle  of  the  thread,  placing  one  wire  In  the  angle 
of  the  thread  on  one  side  ot  the  piece  and  the  other  two  on  the  opposite 
Bide,  one  on  each  side  or  the  corresponding  thread,  measuring  over 
the  whole  with  a  micrometer.  The  formula  for  the  micrometer  read- 
ing is  obtained  aa  foUowsi  In  Fig.  9,  aBsmne  that  m-  U  the  bottom  of 
a  V-thread,  the  circle  showing  one  wire  In  place.    Then  angle  a  =  30 

degrees;  sin  30  deg.  =  0.6;  —  =  i»n  or  2no  :=  mn.    As  no  and  np  are 

0.5 
radii  of  the  same  circle.  It  follows  that  mp  =  Sno  =  I14  x  diameter  of 
wire.     Multiplying  by  3  to  add  a  length  mp   for  the  opposite  side 
gives  imp  =  3  X  diameter  of  wire.    Hence  for  V-thread, 
1.732 

Diameter  of  screw —  ■■  ■+  (3  X  diameter  of  wire  used) 

No.  ttads.  per  In. 
=  micrometer  reading. 

For  D.  8.  form  we  have  to  take  Into  account  the  flat  at  the  bottom 
of  the  thread,  so  Instead  of  using  the  U.  S.  constant  1.299  we  add  to  It 
1^  of  1.T32,  or  0.2165,  giving  as  a  constant  1.5155,  making  the  formula: 
1.6166 

Diameter  of  screw H  (3  X  diameter  of  wire  used) 

No.  thds.  per  in. 
^  micrometer  reading. 

The  subject  of  measuring  threads  with  the  wire  system  Is  more 
completely  treated  In  Chapter  V. 

Thread  Tools  for  Threads  with  Bounded  Top  and  Bottom. 

While  the  development  of  a  correct  United  States  or  V-thread  tool 
Is  a  thing  requiring  a  great  deal  of  skill  and  patience,  It  Is  easy  com- 
pared to  the  task  of  producing  a  tool  for  the  round  top  and  bottom 
thread,  of  which  the  Whitworth  and  British  Association  standards 
are  the  leading  examples.  In  testing  for  accuracy,  threads  of  this 
type  are  not  only  measured  by  gages  and  micrometers,  but  the  curves 
must  match  the  angle  so  evenly  that  when  the  male  gage  Is  tried  in 
the  female  from  either  end,  no  difTerence  can  be  detected.  The  difficulty 
attending  this  will  be  the  better  appreciated  when  It  Is  known  that 
some  of  the  leading  tap  and  die  manufacturers  of  this  country  and 
Europe  have  failed  in  producing  threads  that  would  pass  the  British 
government's  Inspection. 

It  may  be  laid  down  as  a  cardinal  principle  that  the  best  results  are 
obtained  by  developing  the  form  first  with  a  flat  top  and  bottom  as 
In  the  U.  S.  thread,  rounding  the  corners  afterward.  The  flrat  step 
of  air  la  to  produce  a  correct  angle  gage;  assuming  that  we  are  to 
work  out  the  Whitworth  thread,  this  would  be  a  gage  measuring  65 
degrees.  Make  and  harden  a  steel  triangle  A,  Fig.  10,  with  the  angle  x 
made  as  near  55  degrees  as  Is  possible  by  using  a  bevel  protractor;  the 
other  two  angles  are  to  be  equal.    Then  make  an  angle  iron  B.  making 
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suK  that  ab  and  cd  are  par&llel,  and  that  be  la  square  with  ab.  Aaaum- 
Ing  that  C  and  D  are  accurate  2-lDch  and  ^-Inch  plugv,  we  pat  In  the 
pins  SB  la  auch  a  position  that  a  line  drawn  through  the  centers  of 
C  and  D,  at  right  angles  to  their  axes,  will  make  an  angle  of  iTA 
degrees  with  ab.  This  can  be  done  by  figuring  the  distance  fg  as  fol- 
lows: In  the  triangle  Ihk.  Me=l—fl.M=  0.75 inch. 
0.75  0.75 

Ik  = = =  1.4406  Inch. 

tan  27^  deg.       0.5206 

1.4406  +  ^  diameter  of  C  —  i^  diameter  of  D  = 

1.4406  +  1  —  0.25  =  2.1906  Inch  =  fg. 

Set  the  pin  F  near  enough  to  Z>  to  keep  the  corner  Qt  the  triangle 
from  striking  the  angle  iron  B.  Uount  the  triangle  A  as  shown,  aad 
Mt  up  the  fixture  on  a  surface  grinder  table  using  a  toe  strap  In  the 
small  hole  in  A  to  hold  It  In  position,  and  grind  first  one  edge,  and  then 
the  other.  This  gives  us  the  male  angle  gage.  A  female  gage  can  be 
made  to  this  by  the  method  described  previously  for  U.  S.  thread 
gages. 

The  toots  to  be  used  In  making  thread  tool  (see  Fig.  11)   Include: 


1  \  y 

-N,.^ 

■ 

•l^il 

V 

d 

■   \i  H'7H  ^-, 

LJ      ^'d ' 

«  Deans  Aa^lH  0>c*. 

an  angular  tool  with  a  fiat  point,  the  width  of  the  point  to  be  auch 
that  It  reaches  to  the  center  of  the  round  In  the  bottom  of  the  thread, 
the  angle  of  the  tool  matching  the  gage  previously  made;  a  female 
radius  tool  for  forming  the  point;  and  a  male  radius  tool  tor  the  side 
rodlt.  For  convenience  In  measuring  and  getting  the  exact  form 
required,  these  tcols  should  t>e  made  with  the  top  square  with  the  face 
at  the  cutting  edge,  i.  e.,  without  clearance.  The  sides  and  back  of  all 
should  be  ground  as  well  as  the  top.  The  tool  a  can  be  ground  by 
means  of  an  angular  bloclc  made  In  the  same  manner  as  the  male 
angle  gage  and  should  be  finished  by  lapping.  The  tool  b  can  be  made 
In  two  pieces,  one  a  hardened,  ground,  and  lapped  wire,  and  the  other 
a  soft  piece  made  up  In  such  shape  that  the  wire  can  be  soldered  or 
otherwise  flrmly  fastened  to  it  In  the  correct  position.  Tbs  tool  c 
Btiould  l>e  made  up  first  as  at  c'  and  hardened.  Then  lap  the  hole  care- 
tuliy  to  size  and  grind  the  outside.  After  measuring  the  distance 
from  the  hole  to  the  back  of  the  tool,  the  front  can  be  ground  off  to 
ef  and  the  bevels  ground  until  the  depth  of  the  round  part  ts  right. 

We'  now  require  a  shaper  with  an  apron  made  up  to  hold  the  tool- 
bolder  at  an  angle  of  15  degrees,  as  shown  In  Fig.  12.     The  apron 
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Btiould  at  the  clapper-boz  pertectlf.  It  It  does  not.  it  la  better  to 
taiten  it  solid,  and  let  tlie  tools  drag  bacic  througli  the  cut,  aharpenliiK 
the  tools  over  again  before  flnlBhlng;  otherwise,  one  tudb  the  risk 
ot  side  shak«.  With  this  angular  apron  ve  can  use  the  tools  made 
without  clearance  to  produce  a  tool  with  correct  clearance  for  the 
lathe.  Two  thread  tool  blanks,  one,  a,  of  tool  steel,  and  one,  b.  ot 
machine  steel,  should  be  set  up  on  the  table  adapter  as  shown  in  the 
cut  with  spacing  parallels  between  to  aTofd  Interfering  with  one  while 
planing  the  other.  The  blanks  should  be  planed  olt  to  exactly  the 
same  height,  and  all  measurements  for  height  should  be  figured  from 
the  line  cd,  allowance  being  made  for  the  ditference  caused  by  the 
15-degree  clearance.  Then,  after  meaeuring  the  tools  preyiously  made 
carefully,  to  determine  where  the  exact  center  Is,  we  can  start  forming 
the  blanks,  setting  the  tools  sldewlse  successively  by  posltire  measure- 
ment from  the  rib  of  the  adapter.  The  angular  tool  comes  first  and 
with  It  we  plane  down  the  sides  at  the  tool  a  and  the  center  of  b  bo 
that  the  point  of  the  tool  just  reaches  the  center  of  the  radius.  Then 
using  the  female  radius  tool  we  round  the  point  of  a  and  the  two 
points  of  b,  coming  dono  until  the  circle  of  the  tool  is  Just  tangent  to 


A 


A 


A 


'^^ 


the  top  of  the  blanks.    The  male  tool  will  round  out  the  two  lower 
comers  of  a  and  the  center  of  b,  being  fed  down  to  exact  depth. 

We  now  have  the  thread  tool  a.  which  can  be  hardened,  and  the 
machine  steel  blank  used  as  a  lap  to  correct  errors  In  It.  reversing 
the  lap  occasionally,  and  using  oilstone  powder  or  other  fine  abrasive 
as  the  cutting  medium.  Great  care  must  be  used  in  putting  on  the 
abrasive,  ae  in  all  lapping  operations  of  this  kind  polnte  and  corners 
are  apt  to  lap  faster  than  wide  surfaces.  This  operation  does  not 
really  correct  the  tool,  but  equalizes  the  errors  due  to  Imperfect  match- 
ing ot  the  different  cuts,  and  It  can  be  done  so  effectively  that  whatever 
errors  of  that  kind  are  left  cannot  be  detected. 

To  test  the  tool,  turn  up  a  blank  plug  with  a  teat  equal  to  the 
diameter  at  the  trattom  of  the  thread.  When  this  Is  threaded,  the  point 
of  the  tool  should  touch  the  teat  Just  when  the  outer  corners  touch  the 
top  of  the  thread.  In  the  angle,  the  thread  should  measure  by  wires, 
as  explained  In  connection  with  the  U.  S.  S.  thread  tool,  according  to 
the  formula: 

1,6008 

Diameter  of  screw 1-  (3.161>9  X 

No.  threads  per  in. 
diameter  ot  wire  used)  =  micrometer  reading. 

For  the  final  test  of  the  fit  of  the  curves  with  the  angle,  a  tap  must 
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be  threaded  with  tbe  tool,  and  a  female  gage  tapped  wltb  tbe'  tap.  The 
plug  juflt  made  muet  screw  Into  this  wltb  an  equal  amount  of  friction 
from  either  end,  and  show  a  full  contact  on  the  thread.  It  thla  laat 
test  IB  not  euccesaful  It  ahowB  that  the  lapping  is  not  good  enough  and 
must  be  done  over.  If  the  plug  does  not  measure  right.  It  Is  necessary 
to  go  back  to  the  planing  and  plane  up  another  tool,  making  such 


allowances  as  one  Judges  will  correct  the  error.  It  Is  sometimes  necee- 
sary  to  do  this  several  times  before  a  perfect  tool  is  produced.  In  the 
use  of  the  tool  In  the  lathe,  great  care  is  necessary  to  see  that  It  Is  Bet 
at'the  center  of  the  spindle,  and  so  that  the  two  side  curves  will  scrape 
the  top  of  tbe  thread  at  the  same  time.  With  the  exception  of  making 
tbe  angle  gage  and  tool  grinding  block,  this  whole  procedure  has  to  be 
carried  out  for  every  pitch  required. 
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TOOLS  FOR  ACCURATE  THREAD  OUTTINQ. 

Accurate  thread  cutting  seems  to  be  one  of  the  trade  secrets  which 
ts  not  easily  mastered  or  often  found  described  In  books.  The  author 
~  has  seen  and  done  considerable  ol-thls  work,  and  although  the  methods 
may  not  be  wholly  new,  they  will,  no  doubt,-  be  of  interest  to  many. 
Tbe  method  of  making  thread  chasers,  described  In  the  following,  was 
employed  by  the  Pratt  ft  Whitney  Co.  several  years  ago,  and  the  table 
on  page  21  and  the  hob  and  fixture  for  grinding  the  cbasers  are 
original  with  the  author.  That  old  saying  "Patience  is  a  virtue,"  Is 
well  recognised  when  doing  this  class  of  work.  What  can  be  more 
exasperating  than  to  have  a  thread  tool  tear  wheh  on  the  finishing 


K^' 


cut,  or,  having  made  a  nice  plug  and  ring  gage,  to  have  the  ring 
contract  and  the  plug  expand  In  length  when  they  are  bardenedT 
There  are  a  great  many  such  difficulties  In  the  path  of  the  thread 
gage  and  tap  maker.  That  one  little  Item,  of  tbe  thread  tool  tearing 
the  threads  Is  greatly,  if  not  wholly,  overcome  by  adopting  &  chaser 
In  place  of  a  single  thread  tool,  as  the  chaser  has  three  to  five 
threads  which  tend  to  keep  it  from  tearing  Into  the  work.  Tbe  chaser 
is  also  (ar  superior  for  cutting  U.  S.  standard  threads,  as  tbe  Bat  top 
and  bottom  are  sure  to  be  perfect  and  can  always  be  held  to  a  standard 
with  the  aid  of  a  master  hob. 
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To  mttlce  a  chaaer  accurateljr  seems  at  flnt  dlfflcnlt.  but  ia  quite 
simple  when  properly  understood.  The  flnt  thing  la  to  make  the  hob, 
which  la  shown  In  Fig.  13.  Thla  requires  great  care  aa  upon  It  depend 
all  the  toola  of  that  certain  pitch.     The  bobs  are  all  made  one-Inch 
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in  diameter,  thla  size  having  been  adopted  ao  that  the  angles  In  the 
table  above  could  be  determined  and  tabulated.  To  accurately  cut  the 
bob,  the  tool  ahowu  In  Fig.  14  la  utilized.  This  conalsts  of  a  email 
circular  thread  chaser  held  In  the  body  of  the  tool,  the  forward  part 
of  which  la  made  aeparate  from  the  sbanlc  eo  that  It  can  be  awKdled 
to  suit  the  angle  of  the  thread  on  the  hob.     A  email  piece  of  ateel,  a. 
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aerveB  as  a  gage  for  the  cuttiDg  tace  ot  tbe  circular  chaser,  so  that  It 
can  be  Bbarpeaed  aod  re-set  In  the  holder  without  disturbing  tbe  body 
of  the  tool.  The  nut  B,  on  the  end  of  the  holder,  serves  to  hold  the 
forward  part  ot  tbe  tool  securely.  After  tbe  bob  is  threaded,  It  Is 
milled  out  (as  shown  in  EHg.  13)  to  its  center  line  and  then  hardened. 
The  object  In  milling  It  In  this  m^ner  1b  that  It  can  be  easily  sharp- 
ened by  srindine  across  the  face,  and  this  face  Is  also  utilized  when 
setting  tbe  bob  to  Its  proper  angle  In  the  milling  machine. 

Tbe  sharpening  of  the  hob  is  accompliahed  with  the  special  fixture 
shown  in  Fig,  17,  which  1b  simple  in  design,  and  is  made  for  nse  on 
a  surface  grinder  where  it  is  located  so  that  its  centers  axe  at  right 
angles  with  the  emery  wheel.  The  most  esfentlai  point  in  grinding  a 
hob  of  this  description  is  to  always  grind  the  cutting  face  radially, 
la  other  words,  tbe  lower  edge  of  the  emery  wheel  must  be  In  line 


with  the  center  of  tbe  hob.  To  accompHab  this  the  little  device  In  the 
shape  of  a  lever,  marked  a,  is  employed,  which  baa  its  fulcrum  on 
the  block  d  while  Its  other  end  extends  to  the  forward  block  upon 
which  are  graduated  a  few  lines,  about  0.05  inch  apart,  each  dlvlBion 
«quallng  a  movement  of  0.001  inch  at  the  ball  b.  To  set  the  emery 
wheel,  the  rear  center  c  is  removed  from  the  block  d,  and  the  emery 
wheel,  at  rest.  Is  brought  down  onto  the  ball  B.  Tbe  table  of  the 
grinder  is  run  to  and  fro  by  hand  so  that  the  wheel  will  paaa  over 
the  ball;  when  It  forces  down  the  lever  so  that  it  registers  at  zsro.  this 
denotes  that  the  lower  edge  of  the  wheel  is  in  alignment  with  the 
centers  of  the  fixture.  The  center  c  ia  then  put  back  in  position  and 
the  hob,  held  by  a  dog.  ie  placed  between  the  centers  and  sharpened. 
At  no  time  during  grinding  Is  tbe  perpendicular  adjustment  ot  the 
wheel  altered. 
The  hob  being  completed,  the  next  step  is  to  make,  by  use  ot  the 
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hob.  tbe  chaser  sbown  in  Fig.  IG.  This  1b  made  of  toot  steel,  hand 
forged,  and  planed  on  all  sfdes.  It  has  a  cutting  clearance  of  15 
degrees  and  le  placed  against  an  angle  Iron  wblch.  In  turn.  Is  held  on 
a  milling  machine  table.  The  hob  is  held  between  the  centers  of  the 
machine  spindle  and  tbe  overhanging  arm,  aa  shown  in  Pig.  IS,  and 
when  tbe  cutting  edge  of  the  hob  Is  accurateljr  located,  the  spindle  la 
locked  in  position  by  means  of  a  wooden  wedge  which  is  tapped  in 
between  the  cone  and  the  frame  of  tbe  machine.  The  cutting  face  of 
tbe  bob  and  tbe  body  ol  the  chaser  stand  in  a  straight  line  and  at  an 
angle  ot  16  degrees  with  the  table  ol  tbe  machine,  as  shown  In  Fig.  19. 
The  most  essential  point  in  setting  up  the  machine  tor  this  job  Is  to 
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get  the  angle  Iron  located  on  the  table  of  the  machine  at  the  proper 
angle  for  the  threads  to  be  shaped  on  the  chaser,  as  a  chaser  made  for 
use  on  a  <^lncb  tap  will  not  work  properly  on  a  2-lncb  tap  ot  tbe 
same  pitch,  because  the  angle  of  the  thread  Is  greater  on  the  former 
than  on  the  latter.  The  milling  machine  table  must  also  be  S'.vlveled 
around  to  the  proper  angle  ot  the  thread  on  the  hob,  as  the  longitudinal 
movement  of  the  table  must  correspond  to  the  thread  angle.  For  this 
purpose  we  use  the  table  on  page  21.  The  plan  view,  p'ig.  16,  shown  at 
the  bead  of  this  table  will  serve  to  illustrate  the  use  ot  same.  This 
is  a  plan  of  the  milling  machine  table,  showing  It  swWeled  around. 
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and  alBO  the  angle  Iron  set  In  the  proper  poaltlon.  Am  will  be  seen, 
the  table  Bets  at  an  angle  A,  which  1b  given  In  degrees  and  mlnuteB 
m  the  right-hand  column  of  the  table,  while  the  angle  Iron  la  placed 
on  the  table  of  the  machine,  making  with  the  edge  of  the  table  th« 
angle  B.  ThlB  Is  tbe  proper  angle  for  the  threads  on  the  chsser. 
Should  It  be  desired  to  make  a  left-hand  thread  chaser,  the  angle  Iron 
would  be  placed  at  the  same  angle  called  for  by  the  table,  but  fn  the 
oppoBlte  direction. 

As  an  ezample,  we  will  suppose  that  It  is  desired  to  make  a  chaser 
that  1b  to  be  used  In  making  taps  14  Inch  In  diameter  bsTtng  26  threads 


Pis.  IB.    Bob  lui)  Chun  In  PdiIhsb  Ibt  Bobbin*. 

per  inch.  We  first  look  tn  the  "threads  per  inch"  column  until  we 
come  to  26,  then  by  following  along  the  line  we  come  to  the  last 
column,  which  gives  us  the  angle  at  which  the  milling  machine  table  la 
to  be  set,  or  the  angle  A,  which  equalB  0  degree  and  42  minutes.  On 
the  lower  edge  of  the  table  are  the  diameters  on  which  the  chasers 
are  to  be  used,  and  as. In  this  case  this  Is  Yj  Inch,  we  follow  up  that 
column  to  the  26  threads  per  inch  line,  where  we  obtain  the  angle 
at  which  the  angle  Iron  Is  to  be  located  on  the  table  of  the  machine, 
or  angle  B,  which  in  this  case  is  1  degree  and  24  minutes.  The  machine 
being  properly  set,  it  Is  a  email  matter  to  shape  the  thread  by  moving 
the  table  to  snd   fro.   gradually   feeding  It   upward    until  a  perfect 
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thread  Is  obUlned  on  the  chaser.  It  la  adviBable  to  keep  the  hob  well 
labrlcated  «hen  cutting  to  Insure  a  smooth  thread  on  the  chaser.  A 
very  good  lubricant  for  this  purpose  Is  a  mixture  of  one-halt  turpen- 
tine with  one-halt  good  lard  oil.  This  will  also  be  found  an  excellent 
lubricant  for  general  thread  cutting  In  the  lathe. 

Another  style  of  chaser  which  has  proved  Itself  very  useful  may  be 


Sobblnc  OIUM«r  tat  P»U  A  W1iin»7  HvHd  Tool  Boldar. 

worthy  of  notice.  ThU  Is  what  id  known  aa  the  Pratt  k  Whitney 
chaser,  which  1b  shown  In  Fig.  20.  It  la  made  separate  from  the  body 
of  the  tool-holder,  In  the  angle  iron  shown  in  the  same  figure.  For 
Inalde  thread  cutting,  the  two  tools  shown  In  Fig.  21  can  be  used  very 
handily.  The  one  marked  a  is  for  large  Inside  diameters  and  Is  com- 
posed of  a  tube  through  which  runs  a  rod,  threaded  on  each  of  Its 
endB.  Upon  the  front  end  is  screwed  a  circular  chaser  which  Is  held 
firmly  against  the  tube  by  a  nut  on  the  other  end  of  the  rod.    This 


makes  a  very  handy  device  when  chaBere  have  to  be  changed,  for  by 
loosening  the  nut  on  the  end,  the  chaaer  can  be  easily  removed  with 
the  flugerB.  Tbe  BOlld  chaser,  b,  shown  in  same  figure,  is  for  use  In 
boles  of  small  diameter,  one-half  of  the  threaded  part  being  milted  oft. 
When  sharpening  thi^  chaser,  care  must  be  taken  to  always  grind  the 
face  radially  In  order  to  Insure  accurate  results. 
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MAKINa-  THREAD  QAGES. 

It  appears  to  be  tbe  general  Idea  tbat  screw  plug  gages  must  be 
made  of  too)  ateel,  but  It  has  been  found  very  practical  to  make 
tbem  of  cold  rolled  atock,  wblch  Is  verr  aoft  and  easy  to  cut,  but 
wbicb,  when  hardened,  gives  a  surface  wblcb  Is  fully  as  hard  as  tool 
steel.  This  hard  surface  extends  deep  enough  Into  the  thread  gage 
to  permit  grinding  0.005  Inch  deep,  enough  hard  surface  still  remaining 
to  prevent  rapid  wear  when  In  use.  Another  reason  for  using  thla 
soft  steel  Is  also  that  it  Is  not  likely  to  change  Its  shape  after  having 
been  finished,  the  same  as  does  even  the  best  tool  steel,  if  it  has  not 
b^n  properly  seasoned  afttr  hardening. 

For  setting  a  thread  tool  for  cutting  a  correct  thread,  a  cylindrical 
thread  gage  is  made,  as  shown  in  Fig.  2G.  This  thread  gaga  has  the 
advantage  over  tbe  ordinary  thread  gage  on  the  market,  tbat  It  can 
be  placed  between  tbe  centers  of  tbe  latbe,  and  consequently  one  doe« 
not  depend  upon  any  secondary  surface  against  nbicb  to  set  the 
thread  gage.  Tbls  Is  tbe  case  with  the  ordinary  thread  gages,  which 
have  to  be  lined  up  either  against  the  side  of  tbe  face-plate  of  tbe 
lathe,  or  against  the  side  of  tbe  work,  and  in  this  way  small  errors 
are  almost  always  Introduced.  The  thread  gage  in  Fig.  26  is  made 
of  machine  steel,  hardened  and  ground  all  over.  The  main  body,  A.  Is 
provided  with  three  grooves,  having  an  Inclusive  angle  of  29,  55,  and 
60  degrees,  respectively,  to  correspond  with  the  Acme,  Whitwortb  and 
United  States  Standard  threads,  respectively.  When  the  ga^e  Is  hard- 
ened, the  two  sides  of  the  grooves  are  ground  with  the  same  setting 
of  the  slide-rest,  the  piece  A  being  reversed  on  the  lathe  centers  while 
grinding.  This  insures  tbat  both  sides  of  the  angle  In  the  gage  make 
the  same  angle  with  the  axis  of  the  gage. 

In  one  end  of  the  body  A  a  hole  is  drilled;  this  Is  ground  until  the 
bottom  of  the  hole  comes  exactly  In  line  with  the  axis  or  center  line 
.of  the  body  A.  A  hardened  and  lapped  plug  B  is  Inserted  Into  tbls 
hole  and  held  with  a  aet-screw,  having  a  brass  shoe  at  tbe  end.  The 
purpose  of  this  plug  B  la  to  afford  a  means  tor  setting  the  thread  tool 
In  the  latbe  at  the  correct  height,  or,  which  Is  the  same,  exactiy  In  line 
with  the  axis  of  tbe  spindle.  This  is  done  by  merely  loosening  the 
clamp  which  holds  the  thread  tool  in  its  holder;  then  with  the  thumb 
of  the  left  band  on  the  plug  B,  and  the  forefinger  on  tbe  thread  tool, 
it  Is  brought  instantly  in  position,  so  tbat  tbe  upper  face  of  the  thread 
tool  touches  the  lower  side  of  the  plug  B.  as  shown  In  the  end  view 
of  Fig.  26.  When  In  this  position,  the  clamp  of  the  thread  tcol-holder 
is  again  tightened,  and  the  tool  Is  now  placed  In  the  correct  petition 
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as  to  belght.  ThU  la  a  good  way  of  sattins  the  thread  tool  to  the  same 
height  as  the  axla  of  the  latbe  centers.  This  method  of  setting  of  the 
thread  tool  to  height  does  not  necesearily,  however,  insure  that  the 
thread  tool  Id  all  cases  wfU  be  set  absolutely  correct.  If  the  thread 
tool-holder  should  be  tipped  somewhat  out  of  the  horizontal  position, 
the  top  of  the  thread  tool  itself  would  not  be  horizontal,  and  conse- 
quently, when  the  gage  pin  B  was  brought  down  upon  the  top  of  the 
thread  tool,  bo  that  the  top  face  would  He  perfectly  In  line  with  the 
lower  face  of  gage  pin  B,  this  pin  would  not  be  fully  horizontal,  and 
the  thread  tool  would  not  be  set  to  the  exact  height  of  the  lathe  cen- 
ters. 

With  the  gage  remaining  between  the  lathe  centers,  the  angle  of 
the  thread  tool  1b  set  to  a  correct  central  position,  sideways.  This 
setting  is  also  a  check  on  the  accuracy  of  the  angle  of  the  thread  tool. 
A  piece  of  white  paper  should  be  used  under  the  gage  and  the  tool, 
and  a  magnifying  glass  should  be  employed.  First  when  the  tool  fits 
the  gage  so  that  all  light  is  shut  off,  may  the  setting  and  the  angle  be 
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considered  aatlafactory.  The  thread  tool  being  set,  we  are  now  ready 
to  proceed  to  finish  thread  our  screw  plug  gage,  which  has  previously 
been  roughed  out  by  a  chaser  having  three  or  four  teeth,  leaving 
about  0.005  inch  for  the  finishing  single  point  thread  tool.  The  finish- 
ing of  the  thread  is  continued  until  0.0015  Inch  Is  left  for  lapping. 
The  chaser,  as  well  as  the  single  point  tool,  should  have  a  clearance 
of  15  degrees  on  the  front  face  of  the  thread  tool.  This  angle  has 
proved  to  be  the  most  advantageous  for  all  practical  purposes. 

After  having  been  finish  threaded,  the  screw  plug  Is  case-hardened 
and  ready  for  lapping.  A  lap  made  as  shown  In  Fig.  27  Is  used.  It 
will  be  seen  that  this  tap  Is  somewhat  different  from  those  ordinarily 
used  tor  this  work.  The  construction  shown  has  been  adopted  because 
of  the  difflculty  met  with  In  circular  laps  which  are  spilt  on  one  side 
tor  adjustment,  but  have  nothing  on  the  sides  to  hold  the  two  sections 
In  perfect  alignment.  Consequently,  each  of  the  sides  has  a  tendency 
to  follow  the  lead  of  the  screw  plug  when  lapping,  and  diSlculty  Is 
experienced  in  getting  a  thread  with  perfect  lead.    The  lap  here  shown. 
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therefore,  has  a  dow«l  pin  A  on  each  Bide  tor  the  purpose  of  holding 
the  tvo  sections  In  perfect  alignment,  and  the  adJuBtlng  screws  C  are 
Inserted  ontstde  of  the  dowel  pins.  The  two  screws  B,  finally,  clomp 
the  two  halves  together.  When  the  lap  Is  assembled  and  screwed 
together,  It  Is  roughed  out  In  the  lathe  with  a  threading  tool,  or  tapped 
with  three  or  four  different  sized  taps,  following  one  another  fn  proper 
rotation.  The  lap  Is  then  taken  apart,  and  planed  on  the  Inside  to 
permit  of  adjustment;  three  grooves  are  cut  In  the  thread  on  each 
side  of  the  lap,  for  holding  reserves  of  emery  and  oil.  This  wH!  permit 
constant  lubrication  of  the  lap,  and  constant  charging  when  lapping 
the  screw  plug  to  size.  The  lap  Is  finished  with  a  master  tap,  which 
must  be  made  with  extreme  accuracy.  This  tap  is  ground  In  the 
angle  of  the  thread,  as  shown  in  Fig.  22,  and  ft  is  Qnlshed  to  a  dimen- 
sion 0.002  Inch  below  the  site  diameter  of  the  thread  plug  to  be  made. 
In  order  to  permit  the  lap  to  wear  down  to  the  size  when  lapping. 
The  lathe  must  be  revolved  very  slowly  when  grinding  the  master 
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tap.  the  revolutions  of  the  spindle  being  from  20  to  lOO  per  minute, 
according  to  the  size'  of  the  tap.  As  will  be  seen  In  the  cut,  the  cone 
pulley  Is  placed  where  the  back  gears  ordinarily  are  located.  Gear  B 
Is  disconnected,  and  the  drive  Is  through  gears  B  and  T.  The  reason 
lor  having  the  cone  pulley  In  the  back,  is  because  It  is  wanted  to  use 
the  space  directly  under  the  usual  location  of  the  cone  pulley  In  the 
center  of  the  lathe  for  a  mechanism  iutended  to  permit  a  slight  adjust- 
ment ot  the  lead  of  the  tap  when  grinding  In  the  augle  of  the  thread. 
The  feed  screw  Bis  placed  In  the  center  of  the  tathe  bed,  directly 
under  the  driving  spindle,  and  fits  into  a  solid  nut,  C,  from  which, 
through  the  medium  of  a  casing  N  and  a  connecting-rod,  the  carriage 
is  moved.  A  rod  £  Is  screwed  into  the  nut  C.  this  rod  extending  over 
tbe  side  ot  the  lathe,  and  resting  upon  the  edge  of  plate  F.  which  can 
be  so  adjusted  that  It  inclines  from  one  end  to  tbe  other  from  0  to  20 
degrees.  Between  this  plate  and  the  rod  E,  a  shoe  P  Is  placed.  On 
the  extreme  end  of  the  rod  hangs  a  weight  H  which  holds  the  rod 
against  the  plate  F.  This  arrangement  serves  the  purpose  ot  giving 
a  slight  change  in  the  lead  ot  tbe  tap  being  ground,  as  It  Is  evident 
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that  when  the  rod  B  travels  along  the  plate  F,  on  the  Incline  upward. 
It  Bllshtlr  turne  the  nut  and  moves  tt  forward  a  trifle  In  excesB  of  the 
regnlar  forward  motion  imparted  to  the  nut  by  the  motion  of  the  lead 
screw.  By  Inclining  the  plate  f  in  the  other  direction,  the  motion  of 
the  nut  may  be  correflpondingly  retarded. 

A  grinding  fixture  I  fits  the  glides  on  the  top  of  the  carriage.  On 
the  rtght-band  side  of  this  fixture  1b  placed  a  knurled  handle  J,  gradu- 
ated to  thousandths  of  an  Inch.  This  handle  is  for  the  fine  adjustment 
of  the  fixture,  enabling  the  grinding  wheel  to  be  set  correctly  to  the 
center  of  the  thread,  before  starting  the  grinding  operation.  The  top 
of  the  fixture  swivels  in  a  vertical  plane,  so  that  the  wheel  L,  which  is 
made  of  tool  ateel  and  charged  with  diamond  dust,  can  be  set  at  an 
angle  to  the  vertical,  either  to  the  right  or  the  left,  according  to  the 
pitch  and  direction  of  the  thread.  This  adjustment  is  made  by  loosen- 
ing the  nut  K  which  binds  the  head  In  position  when  set  to  the  correct 
angle.    The  wheel  L  la  provided  with  a  shank  which  fits  a  tapered  bole 


in  the.  spindle  D.  which  latter  rune  at  a  speed  of  20,000  revolutions 
per  minute.  A  solid  backstop  M  is  provided  to  hold  the  fixture  securely 
In  place  while  working.  The  lathe  spindle,  with  the  tap,  and  the 
grinding  spindle  run  In  the  same  direction,  the  same  as  In  an  ordinary 
grinder. 

A  good  supply  of  sperm  oil  should  be  used  when  grinding  the  tap, 
and  It  Is  necessary  to  have  a  cover  over  the  wheel,  to  prevent  the 
throwing  out  of  oil.  This  cover,  however,  la  not  shown  In  the  cut. 
Care  should  I>e  taken  not  to  force  the  wheel  into  the  work,  as  If  that 
Is  done,  the  shape  will  soon  be  destroyed.  The  wheel  should  Juat 
barely  touch  the  work,  and  should  be  Fed  In  a  very  small  amotmt,  say, 
0.0002S  Inch  at  a  time.  A  sound  magnifier  or  listener  should  t>e  used, 
to  bear  whether  the  wheel  Is  cutting  moderately. 

Tb«  wheel  la  charged  In  the  following  manner.  A  chnck,  with  a 
tapered  hole  which  fits  the  shank  of  the  diamond  wheel,  la  placed  In 
the  spindle  of  the  I>ench  lathe,  as  shown  in  Fig.  23.  and  the  tall-atock 
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center  Is  pUBbed  up  at  the  other  end  to  get  a  good  support  wbsn 
cbarglDg.  Fixture  B  Is  placed  In  the  bencb  lathe,  and  clamped  wltG 
a  bolt  and  nut  from  underneath  the  lathe,  about  the  same  aa  an  ordl- 
narr  slide-reat.  The  tront  end  o(  the  fixture  extends  up  vertically 
above  the  center  ot  the  apindle.  In  this  projecting  part,  two  holes  are 
drilled,  reamed,  and  counterbored,  at  the  same  height  as  the  center 
of  the  lathe  spindle.  In  these  holes  are  fitted  two  studs  C  C  having  a 
T-head  ^slde  the  counterbored  hole.  Between  the  T-heads  of  these 
Btuds  and  the  screws  D  D  lie  fiber  washers,  which  act  as  friction  stops. 
On  the  other  end  of  plugs  C  C  are  placed  hardened  and  ground  rollers 
EE  having  one  end  beveled  to  a  SMegree  angle,  while  the  other  end 
has  spur  gear  teeth  milled,  which  mesh  Into  each  other.  With  the 
slowest  speed  of  the  bench  lathe,  the  fixture  Is  fed  In  b;  hand,  and 
having  two  slides  at  right  angles  to  each  other,  the  same  aa  an  ordinary 
slide-rest.  It  can  be  located  to  the  proper  position  without  much  trouble. 
A  piece  of  soft  steel  wire  sbould  be  flattened  out  to  make  a  b 


which  to  take  up  the  diamond  dust  for  charging  the  wheel.  One  should 
not  try  to  use  a  piece  of  wood,  or  a  hrush,  as  that  will  only  be  a  waste 
of  diamond.  The  master  tap.  which  Is  to  be  ground.  Is  relieved  up  to 
within  1/16  Inch  from  its  cutting  edge  with  a  file,  this  being  done  In 
order  to  prevent  any  more  grinding  than  Is  absolutely  necessary,  and 
to  permit  the  tap  to  cut  freely.  The  length  of  the  threaded  part  ot 
the  master  tap  should  be  about  two  times  Its  diameter. 

The  master  tap  being  finished,  the  lap  for  the  screw  plug  gages,  Fig. 
27.  Is  tapped,  and  ready  tor  use.  When  chargiug  this  thread  lap,  great 
care  should  be  taken  not  to  force  the  lap  too  much.  The  spindle  of 
the  lathe,  where  the  lapping  Is  done,  should  be  run  very  slowly,  with 
the  back  gears  In,  until  the  lap  la  thoroughly  charged  with  emery 
mixed  with  sperm  oil.  Then  the  lathe  may  be  speeded  up  to  a  higher 
speed,  according  to  the  size  ot  the  screw  plug.  It  Is  poor  practice  to 
use  too  much  emery  on  the  lap.  Reverse  the  lap  often,  and  use  It  the 
same  amount  on  either  side.    It  a  large  number  ot  screw  plugs  are  to 
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be  Upped,  all  of  th«  same  alse,  lap  them  all,  one  at  a  time,  wltb  the 
lap  at  the  eame  setting.  In  this  war  the  lap  keeps  Its  shape  better, 
and  can  be  used  a  long  while  before  being  retapped.  Do  not  attempt 
to  tap  the  lap  with  the  master  tap  when  charged  with  emery,  but  use 
a  roughing  tap  first,  and  also  wash  out  the  lap  tn  benzine  before  tap- 
ping. When  the  screw  plug  has  been  lapped  to  within  0.0005  inch  of 
its  size.  It  Is  ground  on  its  outer  diameter,  if  it  be  a  U.  S.  Standard 
thread  plug,  and  then  finished  by  lapping  after  being  ground.  This 
will  permit  the  top  comers  to  be  kept  sharp,  and  tetter  results  will 
be  obtained  all  around. 
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Great  care  must  be  exercised  during  the  lapping  operation  to  see 
that  the  angle  of  the  thread  Is  correct.  The  gaging  of  the  angle  of 
the  thread  is  accomplished  In  the  following  manner.  Three  microme- 
ters are  used  to  measure  the  correct  angle.  Two  ball  points  of  tbe 
same  size  are  placed  In  tapered  holes  In  each  micrometer,  as  shown 
in  Fig.  24.  These  ball  points  are  ground  all  over,  and  made  to  a  shape 
as  shown  in  \be  upper  left-hand  corner  In  Pig.  24.  The  body  of  these 
ball  points  is  ground  parallel,  and  then  the  end  Is  turned  and  ground 
to  a  ball  shape  as  shown.  Three  sets  of  ball  points  are  used  tor  each 
pitch,  one  to  measure  tbe  thread  near  Its  bottom,  one  at  tbe  center, 
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and  one  near  tbe  top,  aa  Indicated  In  Ptge.  29  and  30.  The  master 
Bcrew  plug  iB  used  for  comparleon;  one  micrometer  ts  set  to  the  master 
Bcrew  plug  at  the  bottom  of  the  thread.  In  the  manner  Indicated  la 
Pig.  24,  and  le  then  tried  on  the  thread  plug  being  made.  The  differ- 
ence In  diameter  betneen  the  measured  diameter  on  the  master  gage, 
and  that  on  the  plug  being  made,  la  noted.  Then  the  two  other  microm- 
eters, measuring  at  the  center  and  near  the  top  of  the  thread,  are 
used,  and  the  difference  between  the  master  gage  and  the  screw  plug 
diameters  at  the  places  where  these  micrometers  measure,  Is  also 
noted.     It  all  three  mlcrometera  show  the  same  amount  of  difference 


TbrwKtapsrlnch. 

D, 

D, 

D. 

83 

0.034 

0,018 

0.018 

28 

0.026 

0,090 

0.014 

U 

0.08U 

O.OM 

0.016 

!» 

0.08S 

0.0S6 

0.018 

SO 

0.040 

0.038 

0.018 

18 

0.0*0 

0.080 

O.OSO 

IS 

0.04« 

0.080 

0.024 

14 

O.OAS 

0.040 

0026 

18 

O.OM 

0.04S     - 

0.028 

IS 

O.OOS 

0.040 

O.ittO 

0.070 

o.oao 

0.086 

0.07B 

0.050 

0.085 

0.085 

0.060 

0.040 

0.096 

0.070 

0.04S 

0.110 

0.080 

0.065 

0.180 

0.005 

0.060 

H 

0.140 

O.IOO 

0.070 

0.160 

0.110 

O.OTS 

44- 

0,170 

0.1» 

o.oeo 

0.180 

0  140 

fi.095 

81 

0.220 

0.160 

0.110 

0.960 

0.190 

0.120 

2i 

0.260 

o.aoo 

0.180 

ai 

0.280 

0,200 

0.140 

a* 

0.280 

0.220 

0.140 

2t 

0,800 

0,320  . 

0.160 

4 

0.820 

0.240 

0.160 

81 

0.840 

0.960 

0.170 

In  relation  to  tbe  master  plug,  then  the  angle  of  the  thread  evidently 
must  be  correct.  After  that,  the  micrometer  measuring  at  the  center 
ot  tbe  thread  Is  used  to  measure  the  size  of  tbe  screw  plug,  comparing 
It  with  that  ot  tbe  master  gage,  until  the  plug  Is  finished  to  slse. 

Figs.  29  and  30  show  how  formulas  are  derived  for  the  size  of  the 
ball  |>olDta  used  In  measuring.  Fig.  29  applies  to  a  60-degree  thread, 
either  sharp  V  or  U.  S.  Standard,  while  Fig.  30  gives  the  formulas 
for  a  Whltworth  thread.  The  diameters  D,,  D^  and  D„  respectlTelTi 
are  the  diameters  ot  the  cylindrical  portions  of  the  ball  poiuta  used, 
and  are,  ot  course,  also  tbe  diameters  of  the  halt-apberes  on  tbe  t 
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ot  the  bftll  points.    The  tables  on  pages  33  and  34  give  these  dlametera 
for  different  pltchen,  figured  approximately  from  the  formulas. 

For  testing  the  angle  of  the  screw  plug,  when  finall]'  finished  to  a 
limit  ot  O.OOOS  Inch,  It  Is  tried  In  a  testing  machine,  such  as  shown  In 
Fig.  28.  This  machine  Is  simply  an  ordinary  lathe,  fitted  with  a  fixture 
A,  shown  separately  In  Fig.  SS.  The  tool-post  is  taken  oft  the  lathe, 
and  replaced  with  this  fixture,  which  Is  clamped  in  the  T-slot  ot  the 
tool-poet  slide,  with  bolt  B,  Fig.  25.  The  thread  gage  0  Is  ground  all 
over,  and  the  angle  fitted  to  a  master  gage.  The  gage  0  is  held  hy  the 
tongue  and  groove  on  the  left-hand  side  ot  the  fixture,  and  clamped 
with  a  strap  D.  To  set  this  gage  correctly,  in  relation  to  the  axis  of 
the  spindle  ot  the  lathe,  as  regards  height  as  well  as  angle,  the  angle 
gi^e,  Pig.  Z6,  Is  used  in  the  same  way  as  has  been  previously  explained 
In  relation  to  thread  cutting.  When  the  fixture  has  been  placed  cor- 
rectly In  position,  the  screw  plug  Is  Inspected  by  placing  the  gage 


with  the  hand  first  to  the  right  and  then  to  the  left  side  of  the  thread 
angle.  A  strong  magnifying  glass  Is  used  with  a  white  p^er  under- 
neath, and  any  Imperfection  ot  the  angle  is  easily  detected,  and  can 
be  corrected  when  lapping  the  last  O.DOOo  Inch  to  size.  II  the  test 
gage  shows  an  opening  either  at  the  bottom  or  at  the  top,  the  fault  Is 
that  the  lap  is  worn  and  must  be  retapped,  or  it  may  he  that  too 
much  emery  has  been  used.  If,  for  some  reason  or  other,  It  Is  impos- 
sible to  correct  the  screw  plug  within  0.0001  Inch,  when  lapping,  take 
&  piece  ot  hard  wood,  or  flatten  a  piece  of  copper  wire,  charge  it  with 
emery,  and  hand  lap  the  high  points  of  the  angle,  while  the  screw 
plug  Is  revolving  slowly  In  the  lathe.  In  this  way,  It  Is  comparatively 
easy  to  overcome  this  trouble,  but  great  care  must  be  taken  to  follow 
the  thread  properly  with  the  hand  lap. 

To  find  If  a  screw  thread  has  a  perfect  lead,  the  micrometer  stop  B, 
Fig.  28,  is  placed  on  the  left-hand  side  ot  the  carriage.    The  holder  for 
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thlB  micrometer  atop  Is  sbown  aeparately  In  Fig.  31.  The  coiutructiou 
of  this  stop  !■  TeT7  simple.  The  micrometer  head  is  an  ordlnajy  one, 
as  made  for  the  trade  b^  manufacturers  of-  these  Instruments.  The 
holder  E  is  made  similar  to  a  C-clamp,  with  a  bole  drilled  and  reamed 
to  at  the  micrometer  head.  A  slot  la  sawed  through  the  upper  Jaw, 
with  a  stop  screw  on  the  top,  which  prevents  the  micrometer  from 
being  clamped  too  hard  in  the  holder,  in  which  case  the  thimble  would 
not  revolve  freely.  Underneath  this  hole  the  holder  Is  beveled  oO,  and 
a  V-block  F  Is  held  In  position  by  a  screw  O,  entering  from  the  side. 
The  micrometer  head  is  placed  ia  the  hole  provided  for  It,  with  its 
dlvlelon  reading  faced  upwards,  and  the  screw  a  clamps  the  microm- 
eter head  and  the  holder  E  at  the  same  time.  When  the  lead  of  the 
screw  plug  Is  tested,  the  carriage  is  moved  one  Inch  along  the  thread. 
It  is  understood  that  the  lead-screw  of  the  laths  Is  not  employed  ia 
this  case,  but  one  depends  upon  the  micrometer  for  measuring  the 
correct  lead  of  the  screw  plug. 

The  master  plug  may,  of  course,  also  be  placed  between  the  centers 
and  comparison  be  made  with  the  master  plug.  In  this  case,  the 
micrometer  serves  as  a  comparator.  A  plate  Is  screwed  on  the  left* 
hand  side  of  the  carriage,  provided  with  a  hardened  stop  against  which 
the  end  of  the  micrometer  ecrew  bears.  It  is  evidoit  that  the  carriage 
must  not  be  moved  against  the  micrometer  with  too  mnch  force,  but 
simply  brought  up  to  barely  touch  against  the  end  of  the  micrometer 
screw. 
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CHAPTER    V. 


MEASITBINO    BGBKW    THREAD    DIAMBTEBS. 

It  1b  Rlways  adviaable  when  meaeuring  screw  thread  dlametere  to 
meaeure  them  In  the  angle,  in  addition  to  testing  their  diameter  on  the 
top  of  the  threads  and  at  the  bottom  of  the  thread  grDOTe,  but  unless 
calipers  made  expressly  for  the  work  are  at  hand,  the  measurement 
In  the  thread  angle  Is  apt  to  be  omitted.  The  tables  od  pages  38,  39, 
40,  and  41  were  worked  out  by  Mr.  Walter  Cantelo  In  1902  tor  con- 
venient application  in  the  Inspection  of  screw  threads  In  consectfon 
with  ordnance  Inspection  for  the  United  States  army.  The  method  Is 
fenown  as  the  three-wire  system  of  screw  measurement,  because  three 
wires,  of  the  diameter  called  for  In  the  tables,  and  appUea  as  shown 
In  the  accompanying  diagrams,  are  used  In  connection  with  an  ordi- 
nary flat  point  micrometer.  The  dimensions  for  the  standard  threads 
of  the  systems  shown  are  given  In  the  tables  mentioned.  For  threads 
of  special  size  or  pitch,  the  values  for  the  varloui  thread  parts  are 
easily  computed  from  the  formulas  given  for  the  kind  of  thread  under 
consideration.  It  Is  especially  neceasary  tbat  the  wires  used  be  as 
nearly  round  In  section  as  possible,  and  of  uniform  diameter. 

Two  methods  of  measuring  are  shown  for  the  6D-degree  V,  U.  S. 
Standard  and  Whitworth  threads,  and  for  each  method  a  formula  and 
table  of  values  are  given.  The  three-wire  method  Is  preferred,  becauos 
the  srror  Is  the  thread  groove — it  any  be  present — is  taken  into  con- 
sideration twice,  while  by  the  single-wire  method  errors  are  liable 
to  he  introduced  by  the  surface  on  top  of  the  threads  not  being  exactly 
concmtrlc  with  the  thread  groove.  It  Is  evident  that  for  each  of  the 
threads  the  wire  to  be  used  in  any  thread  groove  is  limited  In  regard 
to  diameters  as  follows: 

The  eo-Degree  V-Tbread. 

P 

Maximum  diameter  of  wire  ^ =1.165  p,  if  p  equals  the  pitch 

0.866 
of  the  thread. 
Minimum  diameter  of  wire  ^0.677  p. 

Tb«  n.  S.  Standard  Ihread. 
Maximum  width  of  thread  groove  =  %  p. 
P 

Maximum  diameter  of  wire='K  X =  1.010  p. 

0.S66 
Minimum  diameter  of  wire  =  %  x  0.577  p  :=  0.605  p. 

The  E6-DeirTee  Whitworth  Thread. 
Let  p, ^distance  across  thread  groove  at  point  where  radii  are  tan- 
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U.3  STANDARD 


n  -  number  of  threads  per  inch 

p  .   pitch  -      no-  of  fhreaeijper  inch 

d  .  depth  of  thread-  O.049Sp'    Q^^S 

D  ■  diameter  on  top  of  threads 

a  -  diameter  of  I 
b  -  a 


{maximum  d'oo>.  -  /.  OlOp 
I  mininum  diam  •  0.  SOSp 
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60''  1/    THREAD 


n  -  number  of  threads  per  inch 

p  -   pitch   •      rto  Qf  threads  par  inch^ 

d  -  depth  of  thread  =   a  S66p   - 

D  •  diameter  of  top  of  threads         " 

Di  -  root  diameter  -     D-  9d 

_        J,- j^,  „/■  „,.v^    (maximum  diam.  -  A iSSp 

a  -  diameter  of  i^'re  I  ^/„/^^^  ^iam-  O.S^p 

b  -  a 

X  -  0,-3b  *  a   -  Di  +  3a 
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WHITWORTH    THREAD 


n  ■   number   of  /hreads  per  inch 

p  •    pifch   -     no.  o/  f breads  perincB 

d  •  depth  of  thread  -  (2  6403p  -  -l2^s£2? 

D  -   diameter  on  tap  of  threads 

a    *  diameter  <^  wire    \ 'IlJii'iT^IT  i^""' '  9:^P 

b   -  iOSZOSa 

X  ■  Dj-i-  7b*  a  -  A  '  3.l6S7a 
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£"    Xffffy    THREAD 


c^  ihraatis  per  inch 
d  -  depth  of  thread  -    £   *  aoo' 
a  •  spaca  at  top  -  0  ^S93p 
b  -  space  ot  bolfom  'CSmp^aOOS?' 
c  -  fhkJrness  at  tap  •  O  3707p 
e  -thickneis  at  bottom -ae!93pr0.005?' 
D  •  diameter  at  fop  of  thraaid 
X   -Df 0.010' 


TAP     THRSM) , 

-  pitch    -       no.  Of  ttwads  per  inch 

-  depth  of  thread  -  £  '  OOPO' 

'   space  attop  •06?33p-'a0052' 

■  spaceal  bottom 'OS707p- 0005?' 

■  thickness  at  top -aSJOTp'OOOS?' 

■  thickness  at  bottom -a6?93p-taOC&! 
•  diameter  at  top  of  thread ■D-'dO^O 

-  D,  -Dfao^o' 


Tho  rvirr  used  s  of  such  diamffrr-. 
that  nfien  hid  in  the  thread groaye  of 
the  tap.  H  will  btftush  mthtfitiopof 
the  threads,  and  rthen  laid  in  the  Ifveac 
gwareoftliexref./fn'illeidend  be- 
yond thetop  of  ttxthreads aOtO'.' 


THE.   miOmi  AND  SHAf^E  29"^^^  THREAD 

'^i(m^    P    \cVa\ 


p.  pitch    .    no<V«/wi«5"^"™A 
d  'depth  of  thread'  asSOOp 
a  -  space  at  top  •  0.665p 
b  •  space  at  bottom  -  Q3iQp 
c    ■  thickness  at  top  •  Q 335 p 
e  -  thickness  at  bottom -ai590p 
w  •  diam  ofmrc-  O.St49p 


The  wire  used  is  of  such  diameter   thai  if  mi//  be  flush  vrith  the  top  of  the 
thread  when  laid  in  the  thread  groot^. 


Pitdi 

d 

tVire 

Pilch 

d 

l750 

iee,r 
^>dod 

".nie 

.0^15 

.6B66 

~6436 

25M 

.MU 

i4JJ 

Radius  on  tbread  r=  0.1373  p,  and 
125  deKrees. 

"  Then  p,  =  p  —  2  Bin  62"  SO*  X  0.1373  D 
=  p  —  0.243  p  =  0.76  p,  approz. 


forming  top  of  threads  contalsB 
X  0.887  X  0.1S78  p 


Iflntmnm  diameter  of  wire  =  6/6  X  0.6068  p  =  0.B06  p. 
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Prlnolpl*  of  ll*tIioil  or  ICeneuremants. 

The  dlmenaion  D,  (see  tablei,  pages  3S  to  41)  must  be  considered  for 

both  the  BlDgle-wlre  and  three-wire  methods  and  has  values  as  follows: 

For  the  eO-degree  thread:    The  depth  equals  O.SG6p  and  as  the  apes 

of  the  thread  angle  and  root  of  thread  groove  are  at  the  same  point, 

1.732 

it  follows  that  D,  =  D  — 0,886  pX2  =  D  —  1.73Zp  ot  =  D ; . 

'n 
For  the  XJ.  B.  Standard  thread:    The  depth  equals  6/8  of  the  SO-degree 

V  thread,  being  flattened  on  top  and  filled  In  bX  the  root  an  amount 
equaling  one-eighth  of  the  V  thread  depth,  and  the  distance  from  the 
top  of  thread  to  apex  of  thread  angle  at  root,  therefore,  equals  %  of  the 

V  thread  depth,  or  %  X  0.866  p  and  i>,  =  D  —  t^  X  0.866  p  X   2=D~ 

1.B1B5 
1.61BBP  or  =  D . 

For  the  WMtworth  5^-degree  thread:  The  depth  equals  4/6  of  the 
55-degree  V  thread  depth,  being  filled  in  at  the  root  and  cut  away  on 
top  an  amount  equaling  1/6  of  the  V  thread  depth.  The  depth  of  the 
SE-degree  V  thread  would  he  0.9604B  p  and  the  distance  from  top  of 
Whttworth  thread  to  apex  of  thread  angle  at  root  equals  5/6  X  0.96045p 

1.6008 
or0.8004pandD,  =  D  — 2  X  0.8004p  =D— 1.6008 p,  or  =D . 

Prom  the  foregoing  it  will  be  seen  how  the  formulas  «^Z>i  +  26  -|-  a 
D-     D, 

for  the  throe-wire  system,  and  x,  = 1 f-  b  +  2a  for  the  single-wire 

I        3 
system  are  produced,  and  also.  It  wtll  be  readily  seen  how  easily  the 

1.732 
formulas  x^D f-  3a  for  the  60-degree  V  thread  and  x^D  — 

1.51G6 

1-  3  a  for  the  TT.  8.  Standard  thread,  as  given  In  Chapter  II,  may 

» 
be  arrived  at. 

The  Acme  SS-DasTee  Screw  Tbrwul. 

For  this  thread  It  Is  best  to  use  a  separate  wire  for  each  pitch,  of 
such  diameter  that  when  laid  in  the  thread  groove  of  the  tap  or  thread , 
plug  gage.  It  will  be  flush  with  the  tops  of  the  threads  when  they  are 
of  correct  dimensions,  and  when  laid  In  the  thread  groove  of  the 
screw  it  win  extend  0.010  Inch  beyond  the  tops  of  the  threads. 
The  Brown  &  Sharp*  as-Degree  Worm  Thread. 

For  this  thread  it  Is  best  to  use  a  separate  wire  for  each  pitch  that 
will  be  flush  with  the  tops  of  the  threads  when  laid  in  the  finished 
thread  groove. 
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MACHINERY'S 
REFERENCE   SERIES 


On  January  1,  1908,  HACHmzax  announced  a  n«w  and  compreboi- 
otve  series  of  Inexpensive  reference  tkooks,  broadly  plann^  to  present 
the  very  best  that  has  been  published  on  machine  design,  canstructl<«i 
and  operation  during  the  past  thirteen  years;  collected  chiefly  Irom 
Uachisebt's  pages,  and  carefully  edited,  with  something  o(  pride  and 
with  much  enthusiasm,  by  Macsinebt'b  staff. 

Bach  book  measures  6x9  Inches,  standard  size,  and  contains  from 
thirty-two  to  fllty-slx  pages,  depending  upon  the  amount  of  spao* 
required  to  adequately  cover  Its  subject  They  are  well  printed  frton 
new  type,  with  new  engravings,  on  the  same  paper  that  IB  used  for 
Machikebt,  and  have  wide  margins  to  allow  for  binding  In  sets  if 
desired. 

The  series  has  been  planned  to  thoroughly  cover  the  whole  field  of 
mechanical  practice;  yet  each  book  will  be  complete  and  Independent 
in  Itself,  and  may  be  purchased  separately.  It  Is  the  purpose  of  this 
important  series  to  greatly  extend  the  educational  work  Machitiebt 
does;  to  give  coherence,  permanence  and  practical  usefulness  to  a 
mass  of  exceedingly  valuable  but  unorganized  material  not  generally 
available,  and  to  amplify  this  material  with  the  very  latest  data 
wherever  necessary.  It  will  place  within  the  reach  of  every  reader, 
from  the  apprentice  to  the  master  mechanic,  the  best  that  has  been 
published,  selected  iKcause  It  Is  the  best,  collected,  condensed  and 
revised  by  men  well  equipped  for  the  work  by  mechanical  as  well  as 
editorial  experience;  the  whole  being  classified  and  arranged  in  accord- 
ance with  a  -well  considered  plan  adapted  to  the  practical  needs  of 
the  drafting  room,  the  machine  shop,  and  the  engineering  office. 
These  books  will  be  sold  at  a  price  so  low  tliat  any  draftsman, 
machinist  or  apprentice  can  begin  at  once  to  build  for  himself  a  com- 
.  plete  reference  file,  selecting  as  he  goes  along  only  those  subjects 
likely  to  be  of  the  most  direct  and  immediate  value  to  him;  or  build- 
ing. If  he  pleases,  on  a  broader  plan,  a  complete  working  library  of 
-compact,  convenient  and  inexpensive  units. 
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MACHINERY'S  Data  Sheets 

FIVE  MILLION  COPIES  PRINTED  AND  CIRCULATED 


It  would  be  dllBcult  to  find  &  macblne  shop,  drafUiiK  rocm  or  eagl- 
Koarlng  ofllce  where  liAoamxiT'B  Data  Sheets  are  not  known  and 
rasularly  uied  b7  somebodr.  Their  publication  and  sale  hu  become 
an  Important  staple  la  this  buBlneee,  with  a  d^artment  of  Ite  own. 
The  orders  are  principally  for  complete  sets,  from  No.  1  to  the  latest 
lasue,  and  to  handle  the  beavr  btulneu  in  the  rush  seasons  we  main- 
tain a  stock  of  G,OO0  complete  sets  (600,000  sheets)  In  package*  ready 
tor  delirery.  The  regular  stock  of  single  Sheets  carried  Is  approxl- 
matelr  two  million  copies.  Tou  can  buy  any  data  sheet  you  want  tor 
fire  cents,  and  you  can  get  the  complete  set  at  about  half  that  rate 
per  sheeL  The  complete  Index  to  these  Data  Sheets  will  be  found, 
with  many  other  very  interesting  things  In  Machikkrt's  new  periodical 

SELF-EDUCATION 

which  Is  sent  free  to  anyone  in  the  mechanical  field  upon  receipt  ot 
reqaesL 

Up  to  November,  1908,  the  time  ot  writing  this  annooncement,  the 
complete  set  of  Data  Sheetii  Issued  exclusively  by  HACEinxT  during 
the  past  ten  years,  comprised  420  6x9  pages,  laid  out  tn  note-book . 
form,  on  tough  manlla  paper  made  especially  for  the  purpose. 

Tou'  will  not  find  these  data  elsewhere.  They  are  original  vlth 
Haohinxbt  and  are  protected  by  copyright.  Too  will  find  a  tew 
pages  in  standard  engineering  handbooks,  published  by  permissioD. 
but  that  Is  all.  It  would  not  have  been  possible  for  any  publisher 
of  a  handbook  to  gather  the  data  presented  in  Machiitest's  Data 
Sheets.  A  great  deal  of  It  be  wouldn't  know  was  in  existence.  In 
order  to  come  In  touch  with  these  data.  It  was  neceseary  to  have  a 
well  established  mechanical  Journal  of  vide  circulation,  covering  shops 
and  drafting-rooms  everywhere.  This  Is  what  gives  peculiar  and 
exclusive  merit  to  these  Data  Sheets.  They  embody  the  results  ot 
actual  practice  in  a  great  variety  of  enterprises.  Many  ol  the  tables, 
charts  and  diagrams  were  ccmtributed  with  considerable  pride  and 
satlsfactltm  by  men  who  had  worked  them  out  In  successful  solution 
ot  their  mechanical  problems,  with  no  idea'  of  publishing  them.  A  set 
ot  these  Data  Sheets  Is  a  veritahle  storehouse  of  mechanical  Informv 
tlon  In  condensed  form,  and  to  be  without  it  Is  a  decided  disadvantage. 
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INTRODUCTION' 

The  termE  pitch'  and  lead  of  screw  threads  are  often  confused,  and 
partlcalarlr  In  Uie  case  of  multiple  threaded  screws  does  this  confusloD 
cause  difficulties.  Before  we  therefore  enter  upon  the  subject  of  figur- 
ing change  gears  for  the  lathe  for  cutting  screw  threads,  it  may  be 
well  to  make  clear  tbe  real  meaning  of  the  words  "pitch"  and  "lead" 
and  their  relation  to  tbe  number  ot  threads  per  Inch. 

Tbe  pitch  of  a  screw  tbresd  Is  the  distance  from  the  top  of  one 
thread  to  tbe  top  ot  the  next,  as  shown  In  Pig.  1.  No  matter  whether 
tbe  screw  has  single,  double,  triple,  or  quadruple  thread,  the  pitch  Is 
alwajTB  tbe  distance  from  the  top  of  one  thread  to  the  top  of  tbe  next. 
Often,  though  improperly,  the  word  "pitch"  is  used  in  tbe  shop  to 
denote  "number  ot  threads  per  inch."  We  hear  of  screws  having  12 
pitch  thread,  16  pitch  thread,  etc.  This  Is  not  correct  usage  of  the 
word  pitch,  and  only  tends  to  cause  unnecessary  confusion. 


Tbe  lead  of  a  screw  thread  Is  the  distance  tbe  screw  will  move 
forward  In  a  nut  It  turned  around  one  full  revolution.  It  Is  clear  that 
for  a  single-threaded  screw  the  pitch  and  the  lead  are  equal,  as  the 
screw  would  then  move  forward  the  distance  from  one  thread  to  the 
next  if  turned  around  once.  In  a  double-threaded  screw,  however,  tbe 
screw  will  move  forward  two  threads,  or  twice  the  pitch,  so  that  to 
a  double-threaded  screw  the  lead  equals  twice  the  pitch.  In  a  triple- 
threaded  screw  the  lead  equate  three  times  the  pitch,  and  so  forth. 

The  lead  may  also  be  expressed  as  being  the  distance  from  center 
to  center  of  the  game  thread,  after  this  thread  has  made  one  turn 
around  tbe  screw.  In  the  single-threaded  screw  the  tame  thread  is 
the  next  thread  to  tbe  one  first  considered.  In  a  douhle-threaded  screw 
there  are  two  threads  running  side  by  side  around  the  screw,  ao  that 


■  The  present  introdaction.  and  part  of  Cbaper  I,  bai  been  reprinted  In  tbia 
boolf  from  Mo.  18  at  UiCHiNi^RV'a  Reference  Scries.  entl[le<i  "Shop  ArltbiQellc 
tor  tba  MacblnlBl."  beeanse  It  ban  been  conildcred  that  any  (rpatlm  on  aerew 
thread  CDttbiK  woald  be  bicocaplele  without  a  thorough  treatment  on  the  tait- 
lect  ot  lead,  pitch,  and  change  gearlog. 
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tbe  game  thread  here  Is  the  second  one  from  the  one  flmt  considered, 
la  a  triple-threaded  screw  it  Is  the  third  one,  in  a  quadruple-threaded. 
the  fourth,  and  bo  forth.  However  we  consider  this,  we  still  see  that 
the  lead  and  pitch  are  alike  tor  a  single-threaded  screw,  that  the  lead 
Is  twlee  the  pitch  for  a  double-threaded,  and  three  times  for  a  triple- 
threaded,  as  already  stated.  The  actual  relationship  Is  very  plainly 
shown  in  Fig.  2,  where  parts  of  three  screws  with  Acme  threads  are 
shown,  the  first  siogle-threaded,  the  eecond  double-threaded,  and  the 
last  triple-threaded. 

The  main  point  to  remember,  however,  la  that  in  any  kind  of  a 
tcreio,  the  leod  it  the  distance  which  tke  screw  will  move  forward  in 
a  niit  if  turned  around  one  revolution. 

tn  this  connection  it  may  t>e  appropriate  to  give  the  rules  and 
formulas  tor  the  relation  between  the  lead  and  the  number  ot  threads 
per  Inch.     If  there  are  8   threads,  single,  in  one  Inch,  tbe  lead  Is 


DOUBLE  THREAD  TRIPLE  THREAD 


evidently  %  Inch.    This  we  And,  mathematically,  by  dividing  one  by 
8.  which  Is  tbe  number  of  threads  per  Inch.    The  formula,  therefore,  is 
1 

lead  = — 

number  of  threads  per  Inch 

This  formula,  ezpreeaed  In  words,  eays:  The  lead  of  a  screw  equals 
one  divided  bg  the  number  of  threads  per  inch. 

Confusion  Is  often  caused  by  Indefinite  designation  of  multiple  thread 
screws.  Tbe  mOBt  comjuon  way  to  state  the  lead  and  tbe  class  of 
thread  Is  perhaps  to  say  M  inch  lead,  double,  which  means  a  screw 
with  a  double  thread,  which,  when  cut,  has  the  lathe  geared  for  four 
threads  per  Inch,  but  each  thread  is  cut  only  to  a  depth  corresponding 
to  eight  threads  per  inch.  Tbe  same  condition  Is  also  expressed  by: 
4  threads  per  inch,  double.  These  two  ways  of  expressing  tbe  number 
of  multiple  threads  are  both  correct,  hut  the  eipreaslon  which  ought 
to  be  used  In  order  to  avoid  misunderstanding  under  any  circum- 
stances would  bei     %  lead,  y,  pitch,  double  thread. 
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CHAPTER  1. 


OHAKQB    QBABS    FOB   THBBAD    OUTTINa. 

Wblle  tte  principle  bdcI  rules  governing  tbe  calculation  of  change 
geara  are  very  simple,  Uiey,  of  course,  presuppose  Bome  fundamental 
knowledge  of  the  use  of  common  fractions.  If  such  knowledge  Is  at 
band,  the  snhject  of  figuring  change  gears.  If  once  thoroughly  under- 
stood, can  hardly  ever  be  forgotten.  It  should  be  Impressed  upon  the 
minds  of  all  who  have  found  difficulties  with  this  subject  that  the 
matter  Is  not  approached  in  a  logical  manner,  and  is  usually  grasped 
by  the  memory  rather  than  by  the  intellect.  Before  attempting  to 
lay  down  any  definite  rules  for  the  figuring  of  change  gears,  let  us 
therefore  analyw  the  subject.  The  lead-screw  B  o(  the  lathe  (see 
Fig.  3)  must  be  recognized  as  our  first  factor,  and  the  spindle  ss  the 
second.  If  tbe  lead-screw  has  six  threads  per  inch,  then,  it  the  lead- 
screw  makes  six  revolations,  the  carrisge  travels  one  inch,  and  the 
thread-cutting  tool  travels  one  Inch  along  the  piece  to  be  threaded. 
If  the  spindle  makes  the  same  number  of  revolutions  in  a  given  time 
as  the  lead-screw,  it  is  clear  tbe  tool  will  cut  six  threads  per  Inch. 
In  such  a  case  the  gear  D  on  the  spindle  stud  J,  and  gear  B  on  tbe 
lead-screw,  are  alike.  If  the  spindle  makes  twice  the  number  of  revo- 
lutions of  the  lead-screw,  the  spindle  revolves  twelve  times  while  the 
tool  moves  one  Inch,  and  consequently  twelve  threads  per  inch  will 
be  cut.  But  in  order  to  make  the  spindle  revolve  twice  as  fast  as  the 
lead-screw,  it  Is  necessary  that  a  gear  be  put  on  tbe  spindle  stud  of 
only  balf  tbe  number  of  teeth  of  the  gear  on  the  lead-screw,  so  that 
wben  tbe  lead-screw  revolves  once  the  spindle  stud  gear  makes  two 
revolutions. 

Simple  Geartnc. 

Suppose  we  wish  to  cut  nine  threads  per  inch  with  a  lead-screw 
of  Six  threads  per  Inch,  aa  referred  to  above.  Then  the  six  threads  of 
the  lead-screw  correspond  to  nine  threads  on  the  piece  to  be  threaded, 
which  is  tbe  same  as  to  say  that  six  revolutions  of  the  lead-screw 
correspond  to  nine  revolutions  of  the  spindle;  or  in  other  words,  one 
revolution  of  the  lead-screw  corresponds  to  1^  of  the  spindle.  From 
this  It  Is  evident  that  the  gear  on  the  lead-screw  must  make  only 
one  revolution  while  the  spindle  stud  gear  makes  1V&>  Thus,  If  the 
lead~-«crew  gear  has.  lor  instance,  36  teeth,  the  gear  on  the  spindle 
■tud  should  have  only  Zi;  the  smaller  gear,  of  course,  revolving  faster 
than  the  larger.  If  we  express  what  has  been  previously  said  in  a 
formula  we  have: 

threads  per  Inch  of  lead-screw         teeth  In  gear  on  spindle  stud 
threads  per  Inch  to  be  cut  teeth  In  gear  on  lead-screw 
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Applying  this 


SC/iElV  THREAD  CUTTING 
0  the  case  above,  we  have: 


The  values  24  and  36  are  obtained  by  multiplying  6  and  9,  respectively, 
by  4.  By  multiplying  both  the  numerator  and  the  denominator  by  the 
same  number,  we  do  not  change  the  proportion.  As  a  general  ruie  we 
may  then  say  that  the  change  gears  necessary  to  cut  a  certain  number 
of  threads  per  Inch  are  found  by  placing  the  number  of  threads  In  the 
lead-screw  in  the  numerator,  the  number  of  threads  to  be  cut  In  the 
denominator,  and  then  multiply  numerator  as  well  as  denominator  by 
the  same  number,  by  trial,  until  two  gears  are  obtained,  the  number 
of  teeth  of  which  are  lioth  to  be  found  In  the  set  of  gears  accompany- 
ing the  lathe.  The  gear  with  the  number  of  teeth  designated  by  the 
new  numerator  Is  to  be  placed  on  the  spindle  stud  (at  J,  Fig.  3),  and 


the  gear  with  the  numtier  of  teeth  corresponding  to  the  denominator  on 
the  lead-screw  B. 

A  few  examples  of  this  'will  more  clearly  explain  the  rule.  Suppose 
the  number  of  teeth  of  the  change  gears  of  a  lathe  are  24,  28,  32,  36, 
and  BO  forth,  increasing  by  4  teeth  up  to  100.  Assume  that  the  lead- 
screw  is  provided  with  6  threads  per  inch,  and  that  10  threads  per 
Inch  are  to  be  cut.    Then, 

6        6  X  4       24 


10      10  > 


40 


By  multiplying  both  numerator  and  denominator  by  4,  we  obtain 
two  available  gears  with  24  and  40  teeth,  respectively.  The  24-tooth 
gear  goes  on  the  spindle  stud,  and  the  40-tooth  gear  on  the  lead-screw. 
Assuming  the  same  lathe  and  gears,  let  us  find  the  gears  For  cutting 
1114  threads  per  Inch,  this  being  the  staudard  number  of  threads  for 
certain  sizes  of  pipe  thread.    Then, 


48 
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It  will  be  found  that  mnltlplrlng  «ifh  any  other  number  tban  eight 
would.  In  thlB  cue,  not  have  given  ub  gears  with  such  numher  of 
teeth  as  we  hare  in  our  set  with  this  lathe.  Dntfl  getting  accuetomed 
to  figuring  of  this  kind,  we  can,  of  courae,  onlr  by  trial  find  out  the 
correct  number  by  which  to  multiply  numerator  and  denominator. 
The  number  of  teeth  in  the  tntermeMate  gear  F,  Fig.  3,  which  meehes 
with  both  tbe  spindle  stud  gear  and  the  lead-screw  gear  Is  of  no  cod- 
aequence. 

Lathee  with  Beductlon  QearlDs  In  Eead-Btook. 
In  some  lathee,  however,  there  Is  a  reduction  gearing  in  the  head- 
atock  of  the  lathe,  so  that  If  equal  gears  are  placed  on  tbe  lead-screw 
and  the  spindle  stud,  the  spindle  does  not  make  the  same  number 
of  revolutions  as  the  lead-screw,  but  a  greater  number.  TTsually  In 
such  lathes  tbe  ratio  of  the  gearing  In  the  head'Stock  Is  2  to  1,  so 
that  with  equal  gears  the  spindle  makes  two  revolutions  to  one  of 
the  lead-screw.  This  is  particularly  common  in  lathes  intended  for 
cutting  fine  pitches  or,  In  general,  In  small  lathes.  When  figuring  the 
gears  this  must,  of  course,  be  taken  into  consideration.  As  the  spindle 
makes  twice  as  many  revolutions  as  the  lead'Screw  with  equal  gears, 
if  the  ratio  of  the  gears  be  2  to  1,  that  means  that  If  the  head-stock 
gearing  were  eliminated,  and  the  lead-screw  Instead  had  twice  the 
number  of  threads  per  Inch  as  It  has,  with  equal  gears  the  eplndle 
would  still  revolve  the  same  as  before  for  each  Inch  of  travel  along 
the  piece  to  be  threaded.  In  other  words,  the  gearing  in  the  head 
stock  may  be  disregarded,  if  the  number  o/  threada  of  the  ^ad-screw 
it  tnultipUed  by  the  ratio  of  thie  gearing.  Suppoae,  for  Instance,  that 
In  a  lathe  the  lead-acrew  has  eight  threads  per  Inch,  that  the  lathe 
Is  geared  In  the  head-stock  with  a  ratio  of  2  to  1,  and  that  20  threads 
are  to  be  cut.    Then  ■ 

2  X  S       IS       16  X  4       64 

20  20       20  X  4       SO 

which  two  last  values  signify  the  number  of  teeth  In  the  gears  to  use. 
Sometimes  tbe  ratio  of  tbe  gearing  In  the  head-stock  cannot  be 
determined  by  counting  the  teeth  In  the  gears,  because  the  gears  are 
so  placed  that  they  cannot  be  plainly  seen.  In  such  a  case,  equal 
gears  are  placed  on  the  lead-screw  and  the  spindle  stud,  and  a  thread 
cut  on  a  piece  In  the  lathe.  The  number  of  threads  per  Inch  of  this 
piece  should  be  used  for  the  numerator  In  our  calculations  instead  of 
tbe  actual  numher  of  threads  of  the  lead-screw.  The  ratio  of  tbe  gear- 
ing In  the  bead-stock  Is  equal  to  the  ratio  between  the  number  of 
threads  cut  on  the  piece  In  the  lathe  and  the  actual  number  of  tbreads 
per  inch  of  the  lead-screw. 

Compouad  Oearlag'. 

The  cases  with  only  two  gears  in  a  train  referred  to  are  termed 

simple  gearing.     Sometimes  it  is  not  possible  to  obtain  tbe  correct 

ratio  excepting  by  introducing  two  more  gears  In  the  train,  which,  as 

is  well  known  to  mechanics,  ia  termed  compound  gearing.    This  class 
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of  gearlDg  1b  Bhowo  In  Fig.  4.  The  rules  for  flEurlns  compound  gear- 
ing are  exactly  the  aame  aa  for  simple  gearing  excepting  that  we  must 
divide  both  our  numerator  and  denominator  Into  two  factors,  each  of 
which  are  multiplied  with  the  same  number  In  order  to  obtain  the 
change  gears. 

Suppose  a  lathe  has  a  lead-screw  with  six  threads  per  inch,  and  tbat 
the  number  of  the  teeth  In  the  gears  available  are  30,  36,  40,  and  so 
forth.  Increasing  by  5  up  to  100.  Assume  that  It  is  desired  to  cut  24 
threads  per  inch.    We  have  then, 

e 

—= ratio. 
24 
By  dividing  np  the  numerator  and  denominator  in  factors,  and  multi- 
plying each  pair  o/  factort  by  the  same  number,  we  find  the  gears: 
6       a  X  3       (2  >:  20)  X  (3  X  10)       40  X  30 
24      4X6       (4  X  20)  X  (6  X  10)       80  X  60 
The  last  four  numbers  indicate  the  gears  which  should  be  used.    The 
upper  two,  40  and  30,  are  driving  gears,  the  lower  two,  with  80  and  60 
teetb,  are  driven  gears.    Driving  gears  are,  of  course,  the  gear  D. 
Fig.  4,  on  the  spindle  stud,  and  the  gear  P  on  the  Intermediate  stud 
K,  meshing  with  the  lead-screw  gear.    Driven  gears  are  the  lead-screw 
gear.  E,  and  the  gear  N  on  the  Intermediate  stud  meshing  with  the 
spindle  stud  gear.    It  makes  no  difference  which  of  the  driving  gears 
Is  placed  on  the  spindle  stud,  or  which  of  the  driven  Is  placed  on  the 
lead-screw. 

Suppose,  for  a  final  example  that  we  wish  to  cut  1%,  threads  per 
Inch  on  a  lathe  with  a  lead-screw  having  six  threads  per  Inch,  and  that 
the  gears  run  from  24  and  up  to  100  teeth,  Increasing  by  4.  Proceeding 
as  before,  we  have 

6  2X3  (2  X  36)  X  (3  X  16)  72  X  48 


1%  1X1%  (1X36)  X  (1%  X16)  36X28 
This  Is  the  case  directly  Illustrated  In  Pig.  4.  The  gear  with  72 
teetb  Is  placed  on  the  spindle  stud  /,  the  one  with  48  on  the  Inter* 
mediate  stud  £*,  meshing  with  the  lead-screw  gear.  These  two  gears 
(12-  and  48-teetb}  are  the  ariiHno  gears.  The  gears  with  36  and  28 
teeth  are  placed  on  the  lead-screw,  and  on  the  Intermediate  stud,  as 
shown,  and  are  the  driven  gears. 

Fractional  Threads. 
Sometimes  the  lead  of  the  thread  Is  expressed  by  a  fraction  of  an 
Inch  Instead  of  stating  the  number  of  threads  per  Inch.  For  Instance, 
a  thread  may  be  required  to  be  cut  having  a  %-incb  lead.  In  such  a 
case  the  expression  "%-lnch  lead"  should  first  be  transformed  to  "num- 
ber of  threads  per  Inch,"  after  which  we  can  proceed  In  the  same  way 
as  has  already  been  explained.  To  find  how  many  threads  per  Inch 
there  Is  when  the  lead  Is  stated,  we  simply  find  how  many  times  the 
lead  Is  contained  in  one  inch,  or.  In  other  words,  we  divide  one  by  the 
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giTen  lead.  Thua  one  divided  by  %  glTes  ub  2  2/3.  which  Ib  the  number 
of  threads  per  inch  of  a  thread  harlng;  %-lnch  lead.  To  find  change 
gaarB  to  cut  such  a  thread  we  would  proceed  aa  followa: 

ABBome  that  the  lead-Bcrew  haa  6  threada  per  Inch,  and  that  the 
change  gears  run  from  21  up  to  100  teeth,  tacreaalng  by  4.  Proceeding 
to  find  the  geara  aa  betore,  we  have : 

e  3x8  (2  X  86)  X  (B  X  34)        72  x  72 

2i¥  ~  1  X  ajs  ~  (1  X  86)  X  (3?^  X  24)       86  X  6*' 
The  rule  tor  finding  the  number  ot  threads  per  Inch,  when  the  lead 
tfl  giren,  may  be  expressed  by  the  formula: 


number  ol  threada  per  Inch  = 


lead  of  thread 
which  la  simply  a  reveraal  ot  the  formula  given  on  |>age  4. 

Bulse  for  Selectlnar  Ohanre  Oaofb. 

What  baa  been  said  tn  the  foregoing  In  regard  to  the  figuring  of 

change  gears  for  the  lathe  may  be  summed  op  in  tbe  following  rules: 

1.  To  find  the  number  of  threads  per  inch.  It  the  lead  of  a  thread 
Is  given,  divide  one  by  the  lead. 

2.  To  find  tbe  change  geara  used  In  simple  gearing,  when  the 
number  ot  threada  per  Inch  on  the  lead-screw,  and  the  number  of 
threads  per  Inch  to  be  cut  are  given,  place  the  number  o/  threadt  on 
the  Jead^crew  at  ttusieratar  and  the  number  of  threads  to  be  cut  at 
denominator  in  a  fraction,  and  multiply  numeriUor  and  denominator 
totth  the  lam^  number  until  a  new  fraction  reauitt  representing  suit- 
able number  of  teeth  for  the  change  gears.  In  the  new  traction,  the 
numerator  repreaenta  the  number  ot  teeth  in  the  gear  on  the  spindle 
stud,  and  the  denominator,  the  number  of  teeth  in  the  gear  on  the 
lead-screw. 

3.  To  find  the  change  geara  used  In  compound  gearing,  place  the 
number  of  threads  per  inch  on  the  lead-screw  as  numeriaor,  and  the 
num^ber  of  threads  per  inch  to  be  cut  at  denominator  in  a  fraction, 
divide  vp  both  numerator  and  denominator  in  two  factors  each,  and 
muKipIv  eoch  pair  of  factors  (one  factor  In  the  numerator  and  one 
in  the  denominator  making  "a  pair")  by  the  same  number,  until  new 
fractions  result  repretenting  suitable  number  of  teeth  for  the  change 
gears.  The  gears  represented  by  the  numbers  In  the  new  numerators 
are  driving  gears,  and  those  la  the  denominators  are  driven  gears. 

Otrttlnr  Metric  Ttareada  with  en  Basllsh  Lead-Scraw. 
It  very  often  happens  that  screws  or  tapa  having  threads  cut  ac- 
cording to  the  metric  system  are  required.  Tbe  lead  of  these  screws 
Is  expressed  In  millimeters.  Thus,  instead  of  saying  that  a  ecrew  has 
so  many  threads  per  Inch,  It  is  said  that  the  screw  has  so  many  milli- 
meters lead.  Suppose,  for  example,  that  we  have  a  lathe  having  a 
lead-screw  with  6  threads  per  Inch,  and  that  a  screw  with  3  milli- 
meters lead  Ifl  required  to  be  cut.    We  can  And  tbe  change  gears  to 
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be  used  In  the  same  mBDner  as  has  been  previouslr  explained  for 
screws  cut  according  to  the  English  BfBtem,  I(  we  only  flret  find  out 
ftow  many  ihreaAi  per  Inch  ue  will  Jutve  if  vx  cut  a  tcrew  with  a 
certain  lead  given  In  milli'meteTs.  Thus,  in  this  case,  we  nmet  find 
out  how  many  threads  there  will  be  In  one  Inch,  if  we  cut  a  screw 
with  &  3  millineters  lead.  There  are  25.4  mlllimeten  to  one  iocb, 
so  that,  If  we  find  out  how  man?  times  3  Is  contained  in  2S.4,  we 
eyldentlj  get  the  number  of  threads  In  one  Inch.  To  find  out  bow. 
many  times  3  Is  contained  In  2B.4,  we  divide  26.4  b^  3.  Then  we  set 
as  a  result  the  number  of  threads  per  inch.    It  is  not  necessary  to 

2E.4 

carry  out  the  division;  simply  write  It  as  a  fraction  in  the  form , 

8 
which  implies  that  25.4  is  to  be  divided  by  3.  This  fraction  is  the 
number  of  threads  per  Inch  to  be  cut.  We  now  proceed  exactly  as  tf 
we  had.  to  do  only  with  English  threads.  We  place  the  number  of 
the  threads  on  the  lead-screw  in  the  lathe  as  the  numerator  in  a 
fraction,  and  the  number  of  threads  to  be  cut,  which  number  Is  ex- 

25.4 
pressed  by  the  fraction ,  as  the  denominator.    Then  we  have 


This  seems  very  complicated,  but  as  we  remember  that  the  line  be- 
tween the  numerator  and  denominator  In  a  fraction  really  means 
that  we  are  to  divide  the  numerator  by  the  denominator,  then  if  we 
carry  out  this  division  we  get 

2S.4    '  6x8        18 
8  35.4       25.4 

If  we  now  proceed  as  In  the  case  of  figuring  change  gears  for  any 
number  of  threads  per  inch  we  multiply  numerator  and  denominator 
by  the  some  number,  until  we  find  suitable  numbers  of  teeth  for  our 
gears.  In  the  case  above  we  can  find  by  trial  that  the  first  number 
by  which  we  can  multiply  25.4  so  that  we  get  a  whole  number  as  the 
result  is  5.  Multiplying  25.4  by  5  gives  us  1ST.  This  means  that  we 
must  have  one  gear  with  127  teeth,  whenever  we  cut  metric  threads 
by  means  of  an  English  lead-screw.  The  gear  to  mesh  with  the  127 
teeth  gear  In  this  case  has  90  teeth,  because  5  times  18  equals  90. 

If  we  summarize  what  we  have  Just  said  in  rules,  we  would  ex- 
press them  as  follows: 

1.  To  find  the  number  of  threads  per  inch,  when  the  lead  la  given 
in  millimeters,  divide  25.4  by  the  number  of  millimeterB  in  the  given 
lead. 

2.  To  And  the  change  gears  for  cutting  metric  threads  with  an  Eng- 
lish lead-screw,  place  the  number  of  threadi  per  inch  In  the  leot^tcreu 
tnvltipH^d  by  the  nvmber  of  millimeters  in  the  lead  of  the  thread  to 
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ie  cut  aa  the  nttmenlor  of  a  fracUon,  and  25.4  as  the  denominator, 
OMd  multiply  nHmerator  and  denominator  with  6.  The  numerator  and 
denominator  of  the  new  fraction  are  the  gears  to  be  used.  Tb«ee 
■ame  rules  expreased  In  formulas  would  bo 


iDBber  o(  ttaTeada  p«r  (nob  =  iii3~i^ 


number  of  thrsadi  per  „ 
Inch  in  lead-tcrer' 


Of  conrae.  it  la  Bometlmes  neceBsary  to  compound  the  gears,  because 
the  gear  on  the  spindle  stud  would  otherwise  get.  too  many  teeth,  that 
Is,  It  would  be  too  large.  Suppose,  tor  an  example,  that  we  wish  to  cut 
a  screw  having  6  mfllimeters  lead  on  a  lathe  haytng  a  lead-^crew 
with  8  threads  per  Inch.    According  to  our  rule  and  formula  the  gear 


on  the  spindle  stud  would  then  have  8X6X5,  or  240  teeth.    As  do 
.   lathe  is  provided  with  a  change  gear  with  so  many  teeth,  we  must  use 
compound  gearing.    In  this  case  we  would  proceed  as  follows: 
8xexS      46  x3      48x130 

25.4x5      127x1      137x24' 
which  Is  exactly  the  same  method  as  has  already  been  explained  under. 
the  head  of   compound   gearing  in   connection  with   the   figuring   of 
change  gears  for  English  screws.    The  method  of  mounting  these  gears 
Is  shown  in  the  diagram.  Fig.  5. 

What  should  In  particular  he  Impressed  upon  the  minds  of  the 
reader  is  that  there  is  no  difference  in  method  of  flgurlng  the  gears 
whether  the  thread  to  be  cut  Is  given  In  the  English  or  In  the  metric 
system.     If  given  In  the  latter  system,  simply  transform  the  "lead  in 
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mini  meters"  to  "number  of  tbreade  per  Inch"  ftnd  proceed  In  exftctlj 
the  same  way  as  It  the  thread  had  been  given  according  to  the  Kngllsh 
system. 

The  12T-teeth  gear  Is  always  placed  on  the  lead^crew  when  cutting 
metric  threads  with  an  English  lead-screw. 

Outtinr  an  Bnerllsb  Thread  with  a  Metric  I.ead-Scr»w. 

The  methoi]  of  figuring  the  change  gears  when  an  English  screw 
Is  to  be  cut  with  a  metric  lead-screw  Is  simply  the  reverse  of  the 
one  already  explained.  We  simply  transform  the  millimeter  lead  of 
the  metric  lead-screw  Into  "number  of  threads  per  inch."  This  we  do 
In  the  same  way  as  explained  before,  we  divlds  25.4  (which  Is  the 
number  of  millimeters  In  one  Inch)  by  the  number  of  millimeters  la 
the  lead  of  the  metric  lead-screw.  After  having  obtained  this  number 
of  threads  per  Inch,  we  proceed  as  usual,  putting  the  number  of  threads 
per  Inch  of  the  lead-screw  in  the  numerator,  and  the  number  of  threada 
per  Inch  to  be  cut  In  the  denominator  of  a  fraction,  simplifying  the 
fraction,  and  multiplying  botb  numerator  and  denominator  by  5  to 
get  the  number  of  teeth  In  the  change  gears. 

Suppose,  for  example,  that  we  wish  to  cut  6  threade  per  inch  with 
a  lead-screw  having  4  millimeters  lead.    The  number  of  threads  per 

2B.4 
Inch  of  the  lead-screw  Is,  then, ,  and  we  find  our  gears  by  writing 


This  fraction  can  be  simplified  by  actually  dividing 

4 
which  ease  we  get 

25.4 

as  a  result 

6X4 
Multiplying  both  numerator  and  denominator  by  5  gives  i: 
25.4  X  5  127 


5  X  4  X  6  100 

which  gives  us  the  number  of  teeth  In  our  change  gears. 
The  formula  expressing  this  calculation  would  take  this  form: 

_^_^  iJAXi aear  on^spindle  Mod 

nunibBr  of  threade  „  lead  in  mlllfTnelerB  ^  .  "  gear  on  lead-ncrew 
per  Inch  to  be  cut    ^        o[  lead- screw        '"' 

Bxpreeeed  as  a  rule  this  formula  would  read: 

To  And  the  change  geare  for  cutting  English  threads  with  a  metric 
lead-screw,  place  25.4  as  the  numerator,  and  the  threait  per  inch  to 
be  cut  multiplied  by  the  number  of  millimeters  in  the  thread  of  the 
lead-Mcrew  tn  the  denominator  of  a  fraction,  and  multiply  num«ralor 
ond  denomlnotor  by  G.  The  nvmerator  and  denominator  of  the  new 
fraction  are  the  change  geart  to  be  used. 
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In  thlB  case  too,  of  course,  It  somettmes  becomee  necessBrr  to 
compooDd  tbe  gears,  In  order  to  get  gears  which  are  to  be  tound  In 
the  set  of  gears  provided  with  the  lathe.  Sometimes,  the  gears  may 
be  avallahle,  but  they  are  so  large  that  the  capacity  of  the  lathe  does 
not  permit  them  to  be  placed  In  a  direct  train;  then,  also,  It  becomes 
necessary  to  compound  the  gears.  Take  the  case  which  we  bare 
already  referred  to,  where  we  were  to  cat  a  screw  with  5  threads  per 
Inch,  nslng  a  lead-screw  having  4  millimeters  lead.  We  then  obtained 
the  gears  with  127  and  100  teeth  respectively.  Now  suppose  that  the 
lathe  does  not  have  a  change  gear  with  100  teeth  to  be  placed  in 
a  direct  train.  The  gears  to  be  oaed  in  a  compound  train  would  then 
have  to  be  found  as  has  already  been  described,  and,  as  shown  in  the 
following  calculation: 

25.4X0       127      127X1      127x25 


5  X  4X  5       100       50  X  2        60  X  00 

The  12T-teeth  gear  le  always  put  on  the  spindle  stud  when  cutting 
EiigliBh  screws  with  a  metric  lead-screw.  A  diagram  of  the  arrange- 
ment of  the  gears  in  the  last  example  Is  shown  In  Pig.  6. 

If  there  is  any  special  reduction  gearing  In  the  head  of  the  lathe, 
this  most  of  course  be  taken  In  consideration.  In  a  manner  as  has 
already  been  described  under  the  heading  "Lathes  "with  Reduction 
Gearing  in  Head'itock,"  on  page  7. 
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KINKS   AND    SUGGESTIONS    IN   THBBAD    GUTTING. 

la  the  following,  a  number  ol  kinks  and  suggeations  In  thread  cut- 
ting have  been  collected  and  presented.  These  suggestlona  bave  be«n 
made  from  time  to  time  by  the  readers  of  Mackinebt,  and  the  methods 
outlined  are  in  use  every  day  in  some  shop  or  other  in  the  country.. 
The  names  of  the  persons  who  origlnallr  contributed  the  descriptions 
of  the  suggestions  given  or  the  devices  shown,  to  the  columns  of 
Machinebt,  have  been  given  in  notes  at  the  foot  of  the  pages,  together 
with  the  month  and  year  when  the  article  appeared. 
Indltiktor  for  Thrend  OutUns. 

When  cutting  a  thread  b|  a  lathe.  If  the  nuqiber  of  threads  to  the 
Inch  being  cut  Is  a  multiple  of  the  number  of  threads  to  the  tnch  on 
the  lead-screw,  the  split  nut  may  be  thrown  Into  mesh  with  the  lead- 
screw  at  any  time,  and  the  tool  will  lollow  the  first  cut.  This  Is  not 
the  case,  however,  when  the  number  of  threads  to  the  Inch  being  cut 
Is  not  a  multiple  of  the  number  of  threads  to  the  Inch  on  the  lead- 
screw.  Because  of  this,  lathee  are  generally  equipped  with  a  backing 
belt,  which  is  thrown  In  when  the  tool  has  made  the  deelred  cut,  and 
the  carriage  is  brought  back  to  the  starting  point  without  having 
been  disengaged  from  the  lead-screw,-  which  of  course,  neceeaarily 
brings  the  tool  Into  the  right  relation  with  the  work.  This  ia  a  good 
arrangement  for  short  threads,  sv  two  or  three  inches  In  length,  but 
when  they  are  longer,  and  especially  when  they  are  large  In  diameter 
(which  means  slower  speed)  the  backing  belt  Is  not  a  very  economical 
contrivance,  because  considerable  time  Is  wasted  while  the  carriage 
Is  being  moved  by  the  lead-screw  from  the  end  of  the  cut  back  to  the 
starting  point. 

Fig.  7  shows  a  simple  device  which  may  be  attached  to  any  lathe, 
and  used  to  good  advantage  when  cutting  threads.  It  can  be  fas^ 
ened  to  the  carriage  as  shown  in  the  cut,  and  preferably  on  the  side 
next  to  the  tall-stock,  as  very  often  there  Is  not  enough  thread  on  the 
lead-screw  to  permit  putting  It  on  the  opposite  side.  This  indicator 
Is  used  in  the  following  manner:  Start  the  lathe,  and  when  one  of 
the  three  points  marked  A  of  the  triangular  pointer  (see  plan  view), 
is  opposite  the  zero  mark,  throw  the  split  nut  into  mesh  with  the 
lead-screw.  After  the  tool  has  reached  the  end  of  Its  cut,  bring  the 
carriage  back  by  hand  to  the  starting  point  Walt  until  either  of  the 
points  marked  A  is  again  opposite  the  zero  mark,  then  throw  the  split 
nut  Into  mesh  with  the  lead-screw  as  before.  If  this  is  done  with  each 
successive  cut,  the  tool  win  always  come  right  with  the  thread.  When 
the  pointer  is  a  triangle  as  shown,  the  worm-wheel,  which  is  in  meali 
with   the  lead-screw,  should  be  so  proportioned   that  its  number  of 
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teetb  la  three  times  the  threads  per  Inch  of  the  lead-screw.  If,  for 
example,  the  lead-screw  has  eight  threads  per  Inch,  then  the  worm- 
wheel  ihould  bare  tweDty-four  teeth.  Then,  when  either  of  the  points 
marked  A  is  opposite  the  lero  mark,  the  lead-screw  and  the  lathe 
■plndte  would  occupy  the  same  relative  positions.  The  device  does  not 
work  for  fractional  threads.*  This  device.  It  Is  claimed,  was  originated 
In  this  country  thirty  or  thlrty-flve  years  ago  by  William  Qleason,  of 


Flfl-.  T.    DsTto*  Panntuliia  Opaatns  op  lb*  LauI.Bat  maA  BUDiiloa  Ouftkss 

Rochester,  N.  T.    In  fact,  however.  It  Is  much  older  than  that,  having 
originally  been  Invented  In  England. 

Another  Thread  Oatcblng  Device  for  the  Lathe. 

The  device  shown  in  Fig.  8,  which  permits  the  lead-nut  to  be  opened, 
and  the  carriage  run  back  when  cutting  threads,  still  Insuring  "catch- 
ing the  thread."  was  applied  to  several  lathes  in  the  Worcester  Poly- 
technic Institute  some  years  ago  by  Mr.  O.  S.  Walker  ol  the  same  city. 
Mr.  Walker  states  that  he  first  saw  It  In  the  shops  of  the  E.  W.  Bliss 
Co.,  Brooklyn,  N.  Y..  nearly  twenty-seven  years  ago. 

•  Frinklln  D.  Jones,  Brooktyn.  N.  Y.,  October.  1007. 
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The  lathes  to  wblch  this  derlce  was  applied  had  the  lead-acrew  at 
the  back,  which  explains  the  pecnllar  encraTlng,  J.  1b  a  casting  bolted 
to  the  haclc  of  the  carriage  and  supporting  the  split  nut  Indicated  br 
the  dotted  lines  at  0  0.  At  the  left  of  and  supported  bj  A.  Ib  r  Tertlcal 
spindle  carrying  on  Its  upper  end  the  worm-wheel  B,  engaged  with 
the  lead-screw,  and  at  the  lower  end  the  disk  D.  The  worm-wheel 
should  either  have  ss  many  teeth  as  there  are  threads  per  Inch  In  the 
lead-screw  B,  or  a  number  of  teeth  which  is  some  multiple  of  the 
number  of  threads  per  Inch. 

The  disk  D  has  equidistant  Blots  milled  across  Its  periphery,  the 
number  of  Biota  being  as  many  as  the  number  of  teeth  In  the  worm* 
wheel  is  timea  the  nimiber  of  threads  per  Inch  of  the  lead-screw.  In 
this  instance,  the  lead-screw  has  six  threads  per  loch,  the  worm-wheel 
has  thirty-Blx  teeth,  and  there  are  six  slots  milled  In  the  periphery  of 
D.  Fastened  to  the  lower  side  of  the  lower  half-nut  Is  the  latch  F, 
which  engages  with  one  of  the  slots  or  notches  In  D  when  the  spilt 


nut  is  closed.  It  is  thus  evldoit  that  when  the  split  nut  has  I 
disengaged  from  the  lead-screw  and  the  carriage  run  back  for  a  frerti 
cut,  tbe  lead-screw  cannot  again  be  engaged  until  the  worm-wheel 
turns  Into  position  for  one  of  the  slots  to  correspond  with  the  latch  F. 
Tbe  latch  being  engaged,  the  worm-wheel  ceases  to  turn,  acting  then 
as  a  sort  of  bait  nut  on  tbe  screw.  Therefore  tbe  lead-screw  can  only 
be  engaged  at  even  Inches  of  Ite  length  and  neceBsarllr  the  thread- 
cutting  tool  most  engage  with  the  thread  already  started  when  this  has 
a  whole  number  of  threads  per  inch;  but  on  fractl on allh reads,  the  de- 
vice fails  as  constructed.  However,  by  having  three  slots  In  tbe  disk  D, 
Instead  of  six,  fractional  tbreads  having  one-halt  for  the  fraction  conid 
be  caught  and  with  only  one  slot  In  the  disk,  fractional  threads  includ- 
ing one-half,  one-third,  one-Bixtb,  two-thlrda  and  flve-Blxths  could  be 
caught,  but  under  these  conditions  the  time  required  to  bring  tbe 
notch  around  so  that  the  latch  P  could  be  engaged  would  usually  be 
nearly  equal  to  that  required  to  reverse  and  run  the  carriage  back, 
especially  on  short  work.* 


•  H.  P.  FalrOeld.  Worcester,  Uasa.,  February, 
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OoroMnatloii  Tbreadlngr  Tool. 

Thread-tool  holders  have  always  been  of  considerable  Interest  to  tool- 
makera  and  others  required  to  produce  accurate  threads.  This  interest 
l3  lai^ely  due  to  the  difficulty  of  producing  a  thread-tool  holder  which 
Oils  all  the  requiremenU  placed  on  such  a  toot. 

Fig.  9  shows  a  combination  spring  and  solid  threading  tool  eB;>eclally 
nsefu]  for  working  on  tool  steel.  It  Is  made  high  enough  so  as  to  rest 
on  the  carriage  instead  of  on  the  rocker  of  tbe  tool-post;  therefore  the 
tool  Is  always  parallel.  Tbe  c«tt«fs  «t«  easily  and  quickly  made  and 
may  be  quickly  changed  in  tbe  bolder.     They  raay  be  easily  set,  by 


riir.  O.    BpAolkl  aprlBff  nkr«kdlna  Tool  HoMtr. 

bringing  tb«r  face  of  the  holder  at  J  parallel  to  the  face-plate  ai^d 
raising  the  cutter  to  the  center  line  with  the  eet-Bcrew  D.  The  gage 
shown  at  O,  which  consists  of  a  smooth  piece  of  round  stock  centered 
at  the  ends  and  milled  out  to  the  center  line  for  a  short  distance, 
furnishes  a  convenient  means  for  locating  the  top  of  the  cutter  at  the 
proper  height. 

The  construction  of  tbe  tool  will  be  readily  understood.  A  slot  is 
milled  out  on  the  front  end  of  bolder  H  at  an  angle  of  15  degrees,  to 
receive  the  blade  A.  This  slot,  as  shown  la  the  front  view,  also  hae  an 
inclination  of  1<,^  degree  from  the  vertical  to  make  the  cutter  agree 
with  the  average  Inclination  of  the  thread  tn  a  U.  S.  standard  screw. 
In  a  horizontal  slot  In  the  end  of  the  holder  Is  fitted  the  clamplne 
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Toke  C.  This  has  an  opening  In  It  through  which  the  blade  A.  passea, 
and  la  provided  vlth  a  tapering  seat  for  the  tightening  screw  B.  As 
this  Is  screwed  down,  yoke  O  Is  drawn  In,  and  the  blade  A  is  held 
firmly  back  against  Its  seat.  A  saw  cut  at  F  extends  nearly  through 
the  bolder,  thus  leaving  the  upper  end  flexible  to  give  It  the  ettect  of 
the  well-known  goose-neck  tool.  Through  a  slot  In  the  bottom  Is 
passed  a  tie  piece  which  is  pinned  tast  to  the  outer  division  of  the 
holder  and  may  bq,  If  so  desired,  connected  with  the  shank  by  the 
taper  pin  E.  This  allows  the  tool  to  be  used  either  as  a  solid  or  as  a 
spring  tool-holder.* 

Another  thread-tool  holder  Is  shown  in  Fig.  10.  This  was  especially 
designed  for  the  economical  use  pf  high-speed  steel  In  thread  catting. 
One  advantage  of  the  bolder  is  that  cutters  can  be  broken  oB  from 


the  bar  and  used  without  further  working.  By  grinding  the  cutteri 
as  Indicated  at  A,  B,  and  C,  a  variety  of  pitches  can  be  cut  doM  up 
to  a  shoulder.*  • 

Spri&K  Holder  for  Ttarcadlnr  Tools. 
The  thread-tool  bolder  shown  in  Fig.  11  Is  Intended  tor  the  blades 
or  single-point  cutters  made  by  the  Pratt  ft  Whitney  Co.  The  improve- 
ment In  the  design  over  common  holders  consists  In  the  provision  for 
permitting  the  tool  to  spring  away  from  the  work  If  too  heavy  a  cut 
is  taken.  In  other  respects  the  principle  of  the  holder  is  the  same  as 
that  of  the  one  manufactured  by  the  Pratt  ft  Whitney  Co.,  Itself,  for 
these  tools.  Referring  to  the  engraving,  A  is  the  body,  which  is  slotted 
at  B,  proper  resistance  being  given  the  tool  by  the  set-screw  C  which 
has  a  spring  at  the  lower  end,  acting  upon  the  front  part  of  the  holder. 
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At  D  may  be  ineerted  a  blade  or  key,  which  will  keep  the  front  part 
of  the  bolder  from  bending  to  one  side  while  cutting. 

A.  great  many  deelgna  of  BprlnK  tool-holders  have  been  tried,  the 
one  shown  In  Fig.  11  being  comparatively  common.  The  difllculty  with 
holders  of  this  kind  Is  that  It  is  almost  impossible  to  adjust  the  screw 
for  each  particular  pitch  to  be  threaded  so  that  the  spring  has  the 
proper  tension.  It  Is'evldent  that  In  cutting  a  coarse  thread  there  Is 
no  need  of  the  tool  being  as  sensitlTe  as  when  cutting  a  verr  fine 
thread,  but  there  Is  no  means  for  Judging  when  in  each  particular 
case  the  proper  sprlnglDg  action  has  been  attained.  Another  objection 
to  the  design  shown  t>elov  Is  that  It  prevents  a  full  and  clear  view  of 
the  thread  belag  cut,  the  projecting  part  extending  partly  above  the 
work.  Of  all  spring  thread-tool  holders  hitherto  designed,  however, 
this  one  is  atioDt  as  good  as  any.    A  spring  tool-bolder  for  threading 
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tools  which  Will  overcomB  the  objections  mentioned  Is  greatly  In 
demand,  and  many  attempts  have  been  made  to  solve  the  problem, 
but  as  yet  none  has  been  entirely  successtnl. 

Tool  for  Outtlnc  Square  Screw  Threads. 
In  Fig.  12  is  shown  a  tool  of  the  chaser  type  for  cutting  square 
screw  threads.  This  tool  has  been  recently  patented  by  Uessrs.  C.  ft 
G.  B.  Taylor,  Bartholomew  St.,  Birmingham,  England.  Ordinarily, 
square  screw-thread  tools,  even  when  they  have  been  used  very  little, 
are  found  to  have  worn  to  such  an  extent  that  the  resulting  groove 
Is  not  as  wide  as  required.  It  Is  obvious  that  It  is  Impossible  to 
regrind  these  tools  after  the  sides  of  the  cutting  teeth  have  worn  down 
below  the  required  width.  With  the  hope  of  overcoming  this  defect, 
the  tool  shown  In  the  cut  has  been  designed.  As  seen,  the  tool  consists 
of  two  halves,  A  and  B,  each  being  provided  with  teeth  which  gradu- 
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all7  cut  the  groove  to  the  required  depth.  The  required  width  to 
obtained  hy  adjusting  the  relative  poBltion  of  th  two  tools  A  and  B, 
BO  that  the  tool  B  widens  the  grooves  already  cut  b;  A.  These  two 
tools  or  cbaaerB  are  held  In  a  tool-bolder  E,  and  the  adjustment  la 


Rs.  IS.   A4)Da 

ettected  by  means  of  two  screws  P-  and  0  having  conical  ends,  which 
are  forced  In  between  the  tools  A  and  B,  these  in  turn  being  clamped 
by  the  screws  B  and  /.  Whether  the  tool  will  prove  to  possess  such 
practical  qualities  as  will  Insure  for  It  any  extenelve  application  U 


difficult  to  say,  but  the  Idea  is  Ingenious,  and  may  be  applied  in  other 
cases  than  that  of  cutting  square  screw  threads. 

Internal  Threading-  Tool  Holder. 

The  lathe  bdrlng  and  threading  tool  holder  shown  In  Fig.  13  has 

been  In  use  In  a  well-known  Ohio  shop,  and  has  given  very  good  satis- 
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faction.  It  Is  a  plain  Iron  caatlns,  tongued  and  fitted  to  tb«  tool-post 
slide  of  the  lathe  In  wblcb  it  Is  Intended  to  be  used,  and  Is  clamped  In 
posltnin  hy  iDsertlng  a  piece  of  steel  In  the  tool-post  and  secured  aa 
an  ordinary  tcol  would  be  clamped.  The  threading  tool  Is  clamped  by 
two  BOt-BcrewB,  and  the  heart-shaped  holes  for  the  tool  not  only  accom- 
modate different  sizes  of  tools,  but  Insure  rigidity. 
OutUny  Triple  Tbreada. 
Fig.  14  Illustrates  an  economical  device  for  cutting  triple  threads. 
The  frame  A  Iq  bolted  to  the  lathe  carriage,  and  It  Is  of  such  height 
that  the  center  B  is  in  line  with  the  lathe  centers.  The  cutters  0  are 
held  In  slides  D,  which  slide  In  grooves  planed  in  the  circular  part  of 
the  frame  A.  These  slides  are  held  In  place  by  a  circular  plate  E, 
which  also  serves  to  move  the  slides  In  and  out,  through  the  medium 
of  the  cam  slots  F  acting  on  pins  In  the  slides.    Plate  E  Is  held  In 


place  by  bolts  In  the  slots  O.  A.  handle  B  serrea  to  rotate  plate  B.  A 
set-screw  J  in  a  lug  cast  on  frame  A  bears  against  a  lug  /  on  plate  E 
and  acts  as  a  gage  to  vary  the  depth  of  cut. 

The  tools  or  cutters  C  are  set  In  the  slides  D  so  that  the  top  surface 
is  in  line  with  the  center  B.  They  are  fastened  to  the  slides  by  screws 
aa  shown  in  section  at  E,  and  they  are  all  set  In  the  same  plane  so 
that  each  one  cuts  a  different  thread.  At  the  head-stock  end  of  the 
lathe  a  slide  is  bolted,  which  engages  with  arm  H  and  throws  it  up  in 
the  direction  of  the  arrow  thus  drawing  the  cutters  hack  at  the  end  of 
the  cnL  A  removable  hushing  provides  adjustment  (or  cutting  threads 
on  rods  of  various  sizes.  With  this  device  four  feet  of  triple  square 
thread  li^  inch  diameter  and  'H  Inch  lead  can  be  cut  In  twenty 
minutes.* 

Faoe-Pl»tes  (Or  Cutting  Multiple  Threads. 

Tbe  following  method  of  cutting  multiple-threaded  screws  of  two, 
tbree,  four,  five,  etc.,  threads  Is  very  simple  and  mechanically  perfect. 


•  t'red  Ht'Bliurs.  Chicago,  I 
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A  plain  circular  plate,  Fig.  IS,  to  bolt  on  the  iface-plate  of  the  lathe,  ie 
made,  and  located  and  held  In  exact  position  with  two  amall  dowel- 
pins,  AA.  Then  a  numl)er  of  clrclea  are  scored  In  this  plate.  The 
circle  nearest  the  center  Is  divided  into  three  parts,  the  next  one  into 
four  parts,  which  answers  for  two  dlTielons  as  well,  the  next  bne  Into 
flve  parts,  etc.  Holes  are  drilled  in  tbe  circles  large  enough  In  diam- 
eter to  hold  pins  for  driving  the  carrier.    To  use  tbe  plate  for  catting 


Fl«.  10.  Vrriou  ftor  FKoUMkHDy  tba  OatHns  of  HuMpt*  Tbnada. 

multiple  threads,  the  carrier  Is  moved  from  one  pin  to  anotber  until 
each  thread  Is  cut  The  plate  mentioned  Is  kept  speclallT  for  multiple 
thread  cutting,  and  can  be  bolted  on  by  bolts  through  the  back  of  tbe 
lace-plate.* 

Pig.  16  shows  another  intere«tlng  development  of  face-plate  arrange- 
ment for  threading  lathes,  brought  but  bj  the  firm  of  Ferdinand  Plesa, 
Fecbenbelm,  a.  M.,  Germany,  and  intended  for  facilitating  the  cutting 
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of  multiple  threads  in  the  lathe.  Aa  Been  from  the  illuBtratlon,  It 
consists  of  two  parte,  A  and  B,  the  part  A  being  free  to  be  rotated  In 
relation  to  the  part  B  when  the  bolts  C  are  loosened.  The  driving  pin 
for  the  lathe  dog  Is  attached  to  the  plate  A,  and  In  cutting  multiple 
threads,  when  one  thread  is  finished,  the  bolts  C  are  fiimply  loosened, 
and  the  plate  A  turned  around  la  relation  to  the  spindle  of  the  machine 
an  amount  correBpondtng  to  the  type  of  thread  being  cut;  thus,  for 
•  Jimei  H.  Gomersan,  German  town.  Pa.,  Uarch,  1900. 
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Instance,  If  a  double  thread  is  cut,  the  plate  A  Is  turned  around  one- 
half  rerolutlon,  or  ISO  degrees;  for  triple  thread,  120  degrees;  for-  a 
quadruple  thread,  90  degreeti,  etc.  The  periphery  of  plate  A  Is  gradu- 
ated In  degrees,  and  a  nero  line  provided  on  plate  B,  so  that  the 
required  setting  Is  very  easily  obtained.     On  'lathes  which  are  con- 


stantly UKd  for  thread  cutting  the  advantage  of  an  arrangement  of 
tbU  type  is  very  evident,  as  It  saves  employing  any  of  the  more  or 
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less  cumbersome  methods  In  vogue  for  moving  the  work  In  relation 
to  the  tool  when  cutting  multiple  threads. 

Method  for  Outtlns  Lathe  Lead-Borews. 

The  method  shown  in  Pig.  17  may  be  used  for  cutting  lathe  lead 

Bcrevs.    Two  cutting  tools  are  used,  one  in  front,  right  side  up,  and 

the  other  at  the  back,  also  right  side  up,  to  cut  on  the  reverse  trip. 

The  cutting  tcots  are  round,  like  short  sections  of  the  screw  to  be  cut, 
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but  left-hand  to  cut  a  right-hand  screw.    They  are  cut  with  the  thread 
on  a  taper  and  the  outalde  turned  straight  m  that  the  leading  cutter 
tooth  will  cut  to  the  full  depth  fed  at  each  traverse,  and  the  succeed- 
ing teeth  widen  the  cut,  only  the  la^t  two  usually  cutting  on  the  full 
side  of  the  thread,  as  shown  tn  Fig.  18.    The  limiting  element  in  using 
this  device  is  the  torsional  strength  o(  the  screw  being  cut.   The  bolts 
CO  and  their  washers  and  nuts  help  to  hold  the  cutters  In  place.    Bolt 
D  holds  the  device  to  the  top  of  the  cross-slide.  In  place  of  the  tool-post* 
Aoourate  Thr«»dlnv  of  Taps  and  Die  Hobs. 
Experience  in  tap  and  die  making  has  taught  that  it  la  one  thing 
to  msk^  a  perfect  screw  and  quite  another  to  make  a  tap  which  will 
perfectly  correspond  with  ft.    It  is  well  known  that  a  tap  shortens  In 
.  hardening,  this  shrinkage  varying  somewhat  with  dlBerent  grades  of 
steel,  ED  that  a  tap  and  a  screw  made  with  the  same  lead-screw  will 


not 


.    Ananalas 

arrespond  in  pitch.    Therefore, 


be  accurate,  allowance  must  be 
the  tap  for  the  shrinkage  that  will  take 


made  In  chasing  the  thread 
piaee  in  the  liardening. 

To  carry  out  this  Idea  a  little  further:  A  hob  and  a  tap  may  thus 
be  made  to  correspond,  but  after  a  die  is  bobbed  and  hardened  It  will 
not  exactly  match  the  hob  or  the  tap  which  It  Is  Intended  to  suit  So 
we  see  that  the  hob  should  be  made  with  an  allowance  of  two  shrink- 
oges  to  counteract  the  shortening  that  takes  place  when  It  (the  hob) 
Is  hardened  and  again  when  the  die  la  hardened.  While  it  Is  not  the 
best  policy  to  make  taps  arn^  dies  In  the  tool-room.  It  often  becomes 
necessary  to  do  so  tor  sizes  varying  from  the  standard,  and  the  prob- 
lem then  presents  Itself  to  cut  them  so  as  to  make  the  proper  allow- 
ance for  shrinkage.  The  following  method  shows  how  this  is  accom- 
plished In  a  very  satisfactory  manner: 

The  change  gears  of  the  lathe  are  first  arranged  as  usual  for  cutting 

•  E.  H,  Fish.  Worcester,  Uua.,  October.  1006. 
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tbe  required  number  ot  threads  per  Incb.  The  tall-etock  Is  then  set 
met  either  way  for  a  abort  distance  and  the  taper  attachment  ia  set 
to  correspond  with  the  set-over  of  the  tap.  The  thread  U  then  cut 
as  usual,  the  tool  being  set  by  the  face  of  the  tap.  The  thread  cut  tn 
this  way  wfU  be  slightly  coarser  tban  would  have  been  the  case  If 
the  centers  were  In  line  with  the  axis  of  the  lathe.  The  reason  for 
this  win  be  obvious  from  the  cut.  Fig.  19,  and  a  little  practice  will 
enable  the  machinist  to  Judge  Just  how  much  the  tallstock  should  be 
r  to  obtain  the  required  result.    For  example:     If  the  tap  is  10 


Ir  Arrmii#«iwiit  (Or  OnttUiH  Tftpa  Lan*  li 

Inches  long  and  is  set  over  %  Inch,  while  the  tool  is  moving  the  whole 
length  of  the  tap.  the  movement  of  the  carriage  parallel  to  the  axis 
ot  the  lathe  would  be  through  a  distance  of  but  9.9S7  inches,  so  that 
the  thread  is  lengthened  0.013  inch;  In  other  words,  there  are  as  many 
threads  In  10  Inches  on  the  tap  as  would  have  been  cut  In  9.987  Inches 
bad  the  centers  been  In  line  with  the  shears. 

If  now  in  cutting  this  tap  we  were  to  use  an  ordinary  dog,  driven 
from  (he  faceplate,  it  will  be  apparent  that  the  result  would  be  a 


ir  ft>r  IsMtaBtli*  LMd  sfl^aad-Soma. 

drunlien  thread,  since  the  velocity  of  revolution  ot  the  tap  would  not 
be  constant  throughout  its  revolution,  but  would  be  variable;  there- 
tore  a  dog  as  shown  In  Fig.  19  is  required  to  transmit  a  uniform 
motion  from  the  spindle  to  the  tap.  One  could  also  employ  a  small 
gear  A,  Fig.  20,  mounted  upon  the  end  of  the  tap,  and  a  similar  gear  B 
attached  to  the  live  center  or  to  the  face-plate.  A  fixture  O  is  used  for 
^  supporting  a  short  stu^t  on  each  end  of  which  Is  placed  a  pinion,  as 
shown  at  P  and  O.  These  pinions  are  of  the  same  size  and  engage  with 
the  gears  A.  and  B.  When  they  are  properly  adjusted  so  as  to  run  freely 
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with  these  gears,  tbe;  Impart  a  perfectly  unllorm  movement  to  the 
tap  being  cbued. 

Testliie  ft  Iiaad-Sor«w. 
A  method  of  testing  the  pitch  of  a  lead-screw,  at  aur  position  of  Its 
length,  consists  In  procuring  a.  micrometer  screw  and  barrel  complete, 
such  as  can  be  purchased  from  any  of  the  manufacturers  of  accurate 
measuring  Instruments,  and  bore  out  a  holder  so  that  tbe  axis  of  the 
micrometer  screw  will  be  parallel  to  its  body  when  the  screw  Is  In 
place,  as  shown  In  Pig.  21.  With  the  lathe  geared  tor  any  selected 
pitch,  the  nut  engaged  with  the  Iced-screw,  and  all  backlash  of  screw, 
gears,  etc,  properly  taken  up,  clamp  the  micrometer  bolder  to  the 
lathe  bed,  as  shown  In  Fig.  22,  bo  that  the  body  of  the  hglder  Is  parallel 
to  the  carriage.  Adjust  tbe  micrometer  to  one  Inch  when  the  point  of 
the  screw  bears  against  the  carriage  and  with  a  surface  gage  scribe  a 
line  on  the  outer  edge  of  the  face-plate.  Now  rotate  the  lathe  spindle 
any  number  of  full  reyolutions  that  are  required  to  cause  the  carriage 


to  travel  over  the  portion  of  tbe  lead-screw  that  Is  being  tested,  bring- 
ing the  line  on  the  face-plate  to  the  surface  gage  poinL  if  the  distance 
traveled  by  tbe  carriage  Is  not  greater  than  one  inch,  tbe  micrometer 
will  indicate  the  error  directly.  For  lengths  of  carriage  travel  greater 
than  one  inch  an  end  measuring  rod,  set  to  the  number  of  even  Inches 
required,  can  be  used  between  tbe  -micrometer  point  and  tbe  lathe 
carriage.  The  error  in  tbe  lead-screw  is  then  easily  determined  by 
the  adJuBtment  that  may  be  required  to  make  a  contact  tor  tbe  measur- 
ing points  between  the  carriage  and  the  micrometer  screw.  The  pitch 
can  be  tEsted  at  as  many  points  as  are  coaetdered  necessary  by  using 
end  measuring  rode,  of  lengths  selected,  set  to  good  vernier  calipers. 
The  Btyle  of  bolder  Bhown  can,  with  tbe  micrometer  screw,  be  used 
for  numerous  other  shop  tests  and  as  the  screw  Is  only  held  by  friction 
caused  by  the  clamping  screw,  It  can  easily  be  removed  and  placed 
In  any  form  of  bolder  that  Is  found  necessary.* 


I.  Bridgeport.  Conn,,  July.  : 
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OuttlBg-  a  Smootb  Thraad. 

When  cnttiDg  tbreads,  oa«  often  meets  with  difficult;  In  obtaining  a 
anooth  thread,  such  as  Is  required'  for  screw  gages  and  taps.  One 
good  way  to  obtain  a  smooth  thread  la  to  turn  the  tap  nearly  to  size 
and  harden  It;  then  draw  the  temper  to  a  "light  blue."  Wben  turning 
to  size,  it  the  tool  does  not  stand  up  well,  draw  still  lower,  the  object 
being  to  leave  Just  enough  temper  In  the  tap  to  make  the  steel  firm. 
Br  taking  light  chips  with  a  hard  thread  too],  a  glosBy,  smooth  thread 
irlll  result.  Another  advantage  gained  by  hardening  the  tap  before 
flniahlng  is  that  It  will  greatly  eliminate  the  cbances  of  the  lead  chang- 
ing after  the  final  hardening.  A  thin  lubricant  of  lard  oil  and  turpen- 
tine Is  an  excellent  one  for  thread  cntttog.  When  cutting  two  or  more 
taps  It  is  cnstomary  In  some  shops  to  rough  out  both  or  all  the  taps, 
leaving  the  dogs  on  them,  and  for  the  sizing  or  finishing  cut  the  taps 
are  chased  without  moving  the  thread  too).  But  It  the  thread  tool 
dulls  a  trifle  when  making  the  BnhAfng  cut  on  the  first  tap,  the  suc- 
ceeding taps  will  not  be  exactly  the*  sane  slse.* 
BemovlnK.  Broksn  Taps. 

To  remove  a  broken  tap  from  cast  iron,  the  hole  should  first  be 
thorou^ly  cleaned  oat  by  means  of  a  smiiU  squirt  gun  filled  with 


All  small  broken  pieces  of  the  tap  can  be  removed  with  a 
pair  Of  tweezers.  Then  the  tweezers,  which  should  be  as  large  as 
possible,  should  be  inserted  between  the  hole  and  the  flutes  of  the 
tap  and  by  slowly  working  back  aod  forth  and  occasionally  blowing 
out  with  kerosene,  the  broken  piece  is  esally  released.  A  through  hole, 
of  conrse,  siinpllflee  matters  somewhat*  * 

A  Handy  Screw  Ttaread  a*g*. 
When  cutting  threads  on  screws  and  bolts,  whether  by  threading  dies 
or  In  a  lathe,  much  time  Is  wasted  by  gaging  the  tbreads  with  either 
a  nut  or  a  ring  thread  gage  of  the  ordlnarf  type.  In  the  case  ot  h 
piece  held  between  lathe  centers,  In  order  to  gage  the  thread  with  the 
ring  gage.  It  is  necessary  to  remove  the  piece  from  between  the  centers. 
The  Dresduer  Bohrmaschlnenfabrlk  A.-0„  Dresden,  Germany,  Is  mak- 
ing a  gage  for  meaeuring  the  threads  ot  screws,  which  Berves  the  same 
purpose  as  a  ring  gage,  but  saves  the  user  considerable  time.  This 
gage  Is  shown  In  Fig.  23.  The  end  marked  A  fits  over  the  threads,  and 
the  end  marked  0  Is  supposed  not  to  pees  over  the  threaded  screw,  when 
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threaded  to  the  right  size.    Thus,  not  only  can  the  b1z«  of  tbe  tbreads 
be  tried,  but  at  the  tame  time  the  gage  acts  aa  a  limit  gage. 

Method  of  Drlvluff  Iiatbe  When  Cutting  Screws  of  Steep  Pitch. 

When  cutting  icrevB  Of  very  quick  pitch,  or  cutting  the  teeth  of 
iplral  gears  in  a  lathe,  place  a  pulley  on  the  lead-acrew  and  lengthen 
the  cone  belt  so  as  to  drive  the  lead-screw  directly  from  the  counter- 
shaft, and  drive  tbe  spindle  back  through  the  change  gears.  By  doing 
this,  th«  carriage  may  be  driven  back  and  forth  much  quicker  and 
with  less  strain  on  the  lathe.  When  cutting  a  quick  pitch,  more  power 
Is  generally  required  to  operate  tbe  carriage  than  to  drive  the  spindle.* 
Oaae  Hardening'  Blng  Thread  OageB. 

To  harden  ring  thread  gages  without  distortion,  anneal  the  gage 
after  roughing  out,  and  when  finished  cutting  the  thread,  fill  it  with 
powdered  cyanide  and.  then  heat  it  in  a  gas  furnace,  being  very  careful 
to  exclude  cold  drafts-as  much  as  possible.  When  the  beat  has  reached 
the  right  temperature,  turn  the  gas  aljiiOBt  oft,  and  let  tbe  piece  remain 
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In  the  furnace  for  about  ten  mlnntes.  Then  dip  It  in  oil  and  keep  It 
moving  around  In  a  path  shaped  like  the  figure  S.  When  cool  enough, 
remove  It  and  clean  It  with  kerosene  oil.** 

Thread  Cleaner  for  Chucks  and  Face-plates. 
The  practice  of  cleaning  out  tbe  threads  on  chuck  and  otber  face- 
plates every  time  they  are  screwed  on  the  spindle  Is  very  necessary 
to  maintain  the  accuracy  of  the  chuck  and  should  therefore  not  be 
neglected,  especially  by  apprentices.  The  only  Instrument  necessary 
Is  a  piece  of  3/lG-lnch  drill  rod  bent  into  the  shape  of  a  safety  pin  and 
having  its  two  ends  bent  outward  with  the  points  filed  to  6D  d^rees,  as 
Shown  in  Fig.  24.  Inserting  this  little  tool  between  the  threads  and 
moving  it  around  by  hand  Insures  the  removal  of  all  dirt  and  chips 
that  have  accumulated  in  tbe  threads.  In  this  connection  It  Is  alec 
well  to  remember  that  after  removing  a  chuck  or  face-plate  from  the 
spindle,  It  should  be  laid  away  face  down  or  with  the  chuck  Jaws  rest- 
«r,  lOOf. 
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Ing  on  the  bench  or  floor,  thus  keeplns  the  cblpB  away   from   tbe 
thread  as  much  as  possible.* 

A  Oompound  Qaaiing-  Arrang«m«nt. 

A  certain  lathe,  which  was  single  geared,  was  required  to  have  Its 
thread-cutting  capacity  Increased.  Compound  gearing  was  therefore 
arranged  for  ae  shown  In  Fig.  25. 

To  tbe  left  la  shown  the  original  gearing  on  the  lathe,  with  which 
from  3  to  48  threads  per  Inch  can  be  cut.  Tbe  key  from  the  end  of  tbe 
lead-screw  was  removed,  and  in  place  of  tbe  gear  D,  tbe  extension  A 
was  screwed  on.  A  keyw&r  was  cut  in  this  extension,  so  that  tbe  long 
hey  B  extended  from  the  end  of  the  shoulder  at  O  through  A  and  Into 
thb  keyway  in  tbe  end  of  the  lead-screw.  It  thus  locked  the  extension 
onto  the  lead-screw  and  also  provided  a  key  for  the  gear  D.  The  notch 
In  the  key  Is  to  facilitate  Its  removal. 

In  the  place  of  the  original  Intermediate  stud,  the  stud  in  the  center 
of  the  engraving  was  substituted.     On  this  stud  tbe  gears  were  sep- 


arated by  the  collar,  while  a  key,  running  the  entire  length  of  the 
sleeve,  made  tbe  gears  run  together.  The  complete  arrangement  to 
shown  to  tbe  right  In  the  Illustration.  By  making  this  alteration  It 
is  possible  with  tbe  same  lathe  to  cut  from  1  to  144  threads  per  Inch.*  • 
Thread- BolllDK  Dies  for  Small  IntercbaDgeable  Screws. 
Fig.  26  shows  a  thread-rolling  device  as  applied  to  a  punch  press.  A 
Is  a  punch  holder  to  fit  tbe  punch  press.  B  is  the  bolster,  or  a  piece 
of  cast  Iron  about  1  inch  thick,  upon  which  are  located  two  cast  iron 
blocks,  one  made  stationary  and  tbe  other  adjustable  by  slotting  B,  so 
that  tbe  block  can  be  forced  ahead  by  the  set-screw  C.  There  is  a 
groove  in  the  stationary  blcck  and  a  tongue  In  the  punch  bolder  A  to 
prevent  tbe  dies  from  getting  out  of  line.  The  ecrew  D  is  for  holding 
a  thin  piece  of  steel  as  a  stop  so  that  the  thread  can  be  cut  to  the  de- 
sired length.     The  screw  E  holds  a  wire  supporting  tbe  piece  to  be 
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threaded  until  the  upper  die,  F,  comeB  down  and  carries  It  past  the 
lower  die  Q.  In  cutting  the  die.  It  may  be  made  In  one  piece,  B  being 
the  circumference  of  the  thread  to  be  rolled  and  O,  the  desired  length 
for  the  lower  die.  F,  is  the  desired  length  for  the  upper  die,  which 
must  be  longer  than  the  lower  die  so  that  It  will  roll  the  vire  past  the 
die  a  and  permit  It  to  drop  out  of  the  way.  The  part  E  must  be  cut 
out  when  cutting  In  two  parts.  The  proper  angle  to  which  to  cut  the 
die  dependB  on  the  pitch  of  the  thread.  The  pitch  dlrided  by  the  cir^ 
cumfereace  of  the  screw  to  t>e  rolled  will  give  the  tangent  of  the  angle. 
In  cutting  the  die,  which  must  be  of  good  tool  steel  and  hardened  after 
making,  the  shaper  Is  used.  The  cut  Is  taken  with  a  tool  that  can  be 
taken  otF  and  put  hack  again  without  changing  Its  location,  such  a  tciol, 
for  instance,  as  a  clroular  threading  tool.     In  case  the  point  should 


happen  to  get  dull,  the  tool  can  then  be  removed  for  grinding.  If  the 
feed  screw  has  not  got  the  desired  graduations  on  It,  a  brass  index 
plate  can  be  made  very  quickly,  and  used  on  the  machine.  The  brass 
plate  should  be  of  a  good  size  and  cut  accurately  In  a  milling  machine, 
and  a  pointer  clamped  on  the  shaper.* 

Produolns  Threads  by  a  Rapidly  Bevolvlns  Steel  Dislc. 
P^g.  27  illustrates  a  method  used  for  threading  studs,  pins,  etc.,  of 
manganese  steel,  this  material  being  so  hard  that  it  cannot  be  cut 
by  any  kind  of  tool  steel.  A  plain,  hardened  tool  steel  disk,  baring  the 
edge  made  according  to  the  angle  of  thread,  Is  employed.  This  disk 
is  revolved  at  a  high  speed,  and  at  the  same  time  forced  Into  the  work, 
nhich  is  revolved  slowly.  Due  to  the  friction  between  the  edge  of  the 
disk  and  the  work,  and  the  softening  of  the  material,  owing  to  the  heat 
generated  by  the  friction,  the  disk  wears  away  the  stock,  and,  by  means 
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of  thiB,  creates  the  thread.  The  Btocfc  Is  coming  off  fn  very  email,  thin 
scales  llbe  chips,  vhlch  to  some  extent  remind  one  of  the  scales  of  a 
flsh.  An  ordinary  lathe  may  be  rigged  up  for  the  purpose,  by  remov- 
ing the  tool-post  and  top-rest,  and  substituting  for  tbem  the  flzture 
shown  in  the  cut.  The  disk  must  be  driven  Independently  by  an  over- 
head drum,  or  some  similar  arrangement. 

The  peripheral  speed  of  the  dlsli  Is  usually  between  3,000  and  4,000 
feet  per  minute.  The  operation  is  unavoidably  alow  and  expensive, 
and  the  method  is  used  only  when  no  other  way  ta  poaslble.  It  is  very 
likely,  however,  that  the  efficiency  can  \>a  increased  to  some  extent 
by  increasing  the  peripheral  speed  of  the  disk,  perhaps  as  high  aa  24,000 
feet  per  minute,  same  as  uaed  on  friction  saws. 

It  is  likely  that  high-speed  steel  would  be  preferable  to  ordinary  tool 
Bteel  as  material  for  tbe  disks,  but.  as  the  process  described  Is  neces- 
■arily  slow,  and  Is  used  only  when' no  other  way  of  threading  is  pos- 


sible. It  has  not  ae  yet  been  developed  to  the  limit  of  its  capacity. 
There  la  a  certain  point  in  the  gradual  development  of  the  method 
above  which  it  becomes  economically  preferable  to  employ  high-speed 
steel  for  the  disk,  hut  Iielow  this  point  of  development,  although  high- 
speed steel  may  be  the  best,  the  ordinary  tool  steel  disk,  owing  to  ItB 
smaller  Srst  cost,  is  economically  the  one  to  be  preferred.  A  prefer- 
ence for  the  one  or  the  other  kind  of  steel  is  influenced  by  a  number 
of  factors,  tfiz.,  the  number  of  pieces  to  be  threaded  per  unit  of  time; 
the  peripheral  speed  of  the  disk;  the  pressure  between  disk  and  work; 
'  and  the  efficiency  of  the  system  of  cooling. 

The  Question  of  cooling  is  In  Itself  an  interesting  one.  The  reason 
why  the  heat  does  not  draw  the  temper  of  the  tool  steel  In  the  disk 
while  the  heat  is  so  great  that  It  softens  the  metal  of  the  work.  Is  that 
the  disk  Is  revolving  at  a  high  speed  and  the  work  only  revolving  very 
slowly,  80  that  a  unit  of  length  of  the  periphery  of  the  disk  is  In  con- 
tact with  the  work  but  a  very  rtiort  time,  while  every  point  on  the 
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nork,  at  the  place  where  It  la  cut,  Is  In  contact  wltb  the  disk  a  com- 
paratively long  time.  Owing  to  this  the  disk  haa  ample  time  to  cool 
off,  while  the  work  accumulates  the  generated  heat.  The  high  speed 
of  the  disk  also  throws  the  dim  ol  air  nearest  to  the  disk  outward, 
owing  to  the  centrifugal  force,  and  new  cool  air  comes  constantly  In 
at  the  center,  a  current  of  air  thus  at  all  times  tending  to  cool  the 
disk. 

Vhs  cooling  thus  obtained  Is  found  to  be  satisfactory  at  the  present 
speed  at  which  the  disk  is  run,  but  at  a  higher  speed  a  system  at  cool- 
ing by  an  air  Jet,  or  still  better,  perhaps,  by  water,  could  he  employed 


to  advantage.  This  would  also  Increase  the  limits  within  which  an 
ordinary  tool  steel  disk  could  be  used  to  advantage.  For  Increasing 
the  peripheral  speed  of  the  disk  as  previously  mentioned,  undoubtedly 
the  beat  way  would  be  to  increase  the  diameter  of  the  disk,  permitting 
the  number  of  revolutions  to  remain  the  same  as  before;  but  at  the' 
present  stage  of  the  development  of  this  device  there  are  some  limita- 
tions to  the  size  of  the  dlek.  Inasmuch  as  It  Is  used  In  an  ordinary 
lathe,  and  the  space  possible  to  utilize  tor  the  disk  is  not  very  great. 
Another  difficulty  In  increasing  the  diameter,  rather  than  the  number 
of  revolutions,  is  that  for  a  large  diameter  disk  it  Is  necessary  to  ar- 
range the  disk  on  an  inclined  angle  fta  relation  to  the  work  in  order  to 
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get  a  perfect  thread,  and  tbls  necessarily  means  a  more  espenalTe  rls- 
glng. 

The  principle  involved  in  ttaiB  method  of  cutting  threads  Is  the  same 
as  that  Involved  In  the  friction  saw.  But  the  principle  ot  the  latter 
machine  cannot  be  carried  out  to  Its  full  extent  In  the  present  case,  be- 
cause the  steel  to  be  threaded  must  not  l>e  heated  more  than  to  a 
certain  degree.  Above  this  limit.  Increased  heating  would  mean  in- 
Jury  to  the  quality  ot  the  eteel.  The  heat  also  must  not  lie  so  high 
that  it  bums  the  thread. 

If  the  call  for  threaded  parts  of  this  Iclnd  ot  steel  would  be  great 
enough  so  tbat'a  special  machine  would  be  warranted  to  be  built,  then 
the  efficiency  of  the  method  could  be  Increased  by  a  careful  taking  care 
of  all  the  points  previously  referred  to,  but,  at  the  present  time,  the 
demand  is  not  targe  enough  to  warrant  the  exinndlture  ot  building 
Bucb  a  machine.* 

To  Measure  a  Tbread  with  Micrometer  and  Three  Wires. 

A  United  States  standard  or  Sellers  thread  may  be  accurately  meas- 
ured with  a  micrometer  by  the  aid  ot  three  wires,  preferably  Stuhbs 
steel.  Select  a  diameter  of  wire  that  will  He  In  the  thread  nicely  and 
project  above  the  tops  ot  the  thread.  Use  two  wires  on  one  side  In 
adjacent  V's  and  one  wire  on  the  opposite  side,  so  as  to  be  in  the  middle 
plane  between  them.  For  convenience  these  wires  may  be  sharpened 
and  stuck  Into  a  block  of  soft  wood,  two  on  one  side  ot  the  screw  and 
one  on  tbe  other,  as  shown  in  Pig.  28.  Then,  having  gotten  the  diam- 
eter as  measured  over  the  top  of  the  wires,  the  thread  diameter  may  be 
obtained  by  the  toltowlng  rule:  Prom  the  diameter  as  measured  over 
the  wlr^,  subtract  three  times  the  diameter  of  the  wires.  To  the  re- 
mainder add  the  quotient  obtained  by  dividing  1.5155  by  the  numlKr 
'  ot  threads  per  Inch.  Suppose  that  a  screw  with  14  threads  per  inch 
Is  measured  in  this  manner,  using  0.D53  Inch  diameter  wire,  and  the 
diameter  over  wires  Is  0.5507  inch.  Subtracting  3  X  0.053,  or  0.153 
1.515G 

from  0.5607,  leaves  0.3917.    To  the  remainder  add =  0.1082,  glv- 

14 
Ing  the  diameter  as  0.4999,  or  ^  Inch.** 
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TABLES   AND    FORMULAS    FOB     MAKINa   THBBAD 
TOOLS. 

Tbe  present  chapter  cODtalns  Bome  Information  regarding  th«  making 
or  special  threading  tools,  square  threading  tools,  and  severaJ  tables 
which  win  prove  uaetul  when  making  thread  toots.  It  ta  not  a  com- 
plete treatise  on  the  making  of  thread  tools,  but  contains  such  gen- 
eral Information  as  the  tool-maker  Is  most  likelr  to  require. 

Formula  for  PlanlDg  Thread  Tools. 
Fig.  29  shows  a  diagram  ot,  and  below  will  be  found  formulas  for, 
thread  tools,  with  special  reference  to  those  used  In  a  Pratt  ft  Whitney 
thread  tool  holder,  which  bolder  Is  tbe  one  considered  the  best  and 
mostly  used  by  leading  firms.  As  the  planing  of  thread  tools  used  in 
this  holder  Is  rather  particular,  and  quite  confusing  to  those  not  fa- 
miliar with  the  process,  formulas  are  given  by  means  of  which  the 
angles  to  which  the  planer  or  shaper-head  should  be  eet,  can  easily  be 
figured.  The  formulas  will  be  readily  understood  from  the  diagram, 
but  a  word  may  be  needed  In  explanation  of  "the  leading"  and  "the 
following"  side  of  the  thread  tool,  the  former  being  that  side  of  tbe 
too!  first  entering  the  work  when  a  thread  is  cut. 

1.   Too)  with  Side  Clearance, 
a  ^  depth  of  thread. 
b  =  width  of  flat  on  offset  tool. 
c  =  actual  width  of  flat. 
(1  =  outside  diameter  of  screw. 
v^  clearance  angle. 
w=V2  angle  of  thread. 
y=angie  of  helix. 

j!  =  normat  angle  (to  which  to  set  planer  head,  when  planing  tool  on 
side). 

Lead 

tan  V  = . 

id  — a)  3.1416 

COB  y±  (cot  w  X  sin  v  x  sin  y) 
■  tana:=: . 

cot  U)  X  COB  V 

Use  +  for  leading  side  and  —  for  following  side. 
For  Acme   (29  deg.)  thread  and  15-degree  clearance  angle,  the  for- 
mula can,  for  all  practical  purposes,  be  written: 
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The  width  of  flat  on  the  oBvet  tool  1b  figured  from  the  formula:  b  = 
cxcoey. 

3.  Tool  without  Bids  ClearaiiCB. 
It  the  tool  haa  no  side  clearance,  the  angle  of  helix  can  be  considered 

=  0  deg.,  and  above  formula  reduces  itself  to:  tanx^ ;  for60 

deg.  screw  thread,  United  States  standard,  the  formula  has  this  appear- 
ance:   tan  r  = =  0.5977;  «  =  30  deg.  52  min. 

cos  15' 

In  tbls  latter  case  the  vidth  of  flat  cf  tool  (c)  remains  unchanged. 

It  will  be  noticed  that  formulas  are  given  first  for  "tools  with  side 
clearance"  and  second  for  "tools  without  aide  clearance";  of  course 
any  thread  tool  ought  to  be  given  a  side  clearance,  the  amount  of 
which  depends  on  the  angle  of  helix  of  thread  to  be  cut,  but  on  a 


of  the  small  angle  of  helix  on  fine  pitch  threads,  tbe  necessity  of  using 
a  tool  with  side  clearance  In  such  cases  is  reduced  to  a  minimum,  and 
can  tor  practical  reasons  be  dispensed  with. 

Wldtbs  of  Tools  tor  Cutting  Square  Threads. 
When  cutting  square  threads  It  is  customary  to  make  the  screws 
exactly  according  to  the  theoretical  standard  of  the  square  thread. 
The  width  of  the  point  of  the  tool  for  cutting  ijretca  with  square 
threads  Is  therefofe  exactly  one-hatf  of  the  pitch,  but  the  width  of  the 
point  of  the  tool  for  cutting  taps,  which  afterwards  are  used  for 
tapping  nuts.  Is  slightly  less  than  one-half  the  pitch,  so  that  tbe  groove 
in  the  tap  becomes  narrower,  and  the  land  or  cutting  point  wider 
than  the  theoretical  square  thread,  thereby  cutting  a  groove  In  the 
nut  wbich  will  be  slightly  wider  than  tbe  thread  in  the  screw,  so  as 
to  provide  for  clearance.  An  Inside  threading  tool  tor  threading  nuts 
evidently  must  be  ot  tbe  same  width  as  the  land  on  the  tap  would  be, 
or  in  other  words,  slightly  wider  than  one-half  tbe  pitch.  This  pro- 
vides, tben,  the  required  clearance.  The  accompanying  table  gives 
the  width  of  the  point  ot  tbe  tool  for  all  ordinary  pitches  from  one  to 
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twenty-four  threads  p«r  Inch.  Tbe  eecond  column  gives  the  wldtb  ol 
th«  point  for  cutting  taps  to  be  used  for  producing  square  tbread  nuts. 
Ttae  third  column  gives  the  width  of  the  point  of  the  tool  for  cutttng 
screws  which,  aa  we  have  said,  equals  ono'half  the  pitch,  and  the 
fourth  column  gives  the  width  of  the  point  for  Inside  threading  tools 
for  nuts.  While  the  table  lias  been  carried  to  as  fine  pitches  as  those 
having  twentr-fouT  threads  per  inch,  square  threaded  screws  having 
BO  fine  a  pitch  are  very  seldom  used.  Some  manufacturers  of  square 
threading  tools,  however,  make  square  threading  tools  for  pitches  as 
fine  as  these,  and  for  this  reason  they  have  been  included. 
Clearance  Angles  of  Square  Thread  Tools. 
In  the  Chart  Pig.  30.  reproduced  from  Machinery's  DaU  Sheet  No. 
97,  directions  are  given  for  the  use  of-  tbe   diagram  presented,  by 

TOOUa    FOB    BQOARB    THRBAS. 


widt 

of  Point 

of  Tool 

No.  of 

Width  of  Point 

of  Tool 

No.  of 

Threads 

Par  Inside 

per  Inch 

For  Taps 

Screws 

Thread 
Tools  for 

perlSch 

For  Taps 

Screws 

Thread 

1 

0.4965 

0.6000 

0.5085 

8 

0.0615 

0.0625 

0.0686 

1 

0.8715 

0.8750 

0.8786 

9 

O.OMS 

0.0565 

0.0666 

0.8888 

0.8883 

0,8863 

10 

0.0400 

0.0500 

0.0510 

0.3837 

0.3867 

0.3887 

11 

0.0444 

0.0454 

0.0464 

0.3476 

0.2S0D 

0.3636 

13 

0.0107 

0.0417 

0.0427 

21 

0.1975 

0.2000 

0.3036 

18 

0.0875 

0.0885 

o.ouas 

0.1641 

0.16S6 

0.1601 

14 

0.0362 

0.0867 

0.0862 

H 

0.1408 

0.1438 

0.1448 

15 

0.0838 

0.0888 

0.01)88 

0.1336 

0.1360 

0.1365 

16 

0.0807 

0.0812 

0.0817 

a 

0.1096 

0.1111 

0.1I36 

18 

0-0213 

0.0277 

0.0283 

0.0986 

0.1000 

0.1016 

30 

0.0245 

0.0360 

0.0365 

5* 

0.0894 

0.0909 

0.0934 

32 

0.0233 

0.0327 

0.03S2 

0.0818 

0.0883 

.  0.0848 

34 

0.0203 

0.0208 

0.0213 

0.0690 

0.0714 

0.0789 

means  of  which  the  clearance  angles  on  the  sides  of  square  threading 
tools  may  be  determined  at  a  glance.  The  example  given  in  the  chart 
will  fully  explain  Its  use. 

Tables  OlTlnff  Angles  of  Threading  Toole. 
The  tables  on  pages  38  and  39  will  be  of  interest  and  use  to  tool-mak- 
ers. The  first  table  In  question  deals  with  the  circnlar  threading  tool. 
This  kind  of  tool  most  generally  has  Its  cutting  face  below  its  center 
line,  which,  of  course,  changes  ttae  angles;  It  not  only  changes  the 
angles,  but  as  we  lower  the  cutting  edge,  the  same  becomes  a  convex 
line.  On  large  diameters  this  second  error  is  not  noticeable  to  any 
extent,  although  It  exists  from  the  very  moment  we  lower  the  cutting 
face  of  such  a  tool.  This  one  item  makes  It  very  difficult  to  accurately 
give  tbe  angle  to  make  such  a  tool,  which  should  cut  an  accurate 
60-degree  thread,  when  the  tool  is  cut  a  certain  amount  under  its 
center  line. 
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Ttae  angles  In  the  table  below  were  computed  b?  taking  diameter  d 
to  Ira  ^  Inch  emallei'  than  c;  this  difference  was  used  throaghout  the 
tables.  The  first  column  slrea  tbe  largest  diameter  of  too),  while  the 
second  gives  the  diameter  from  which  the  following  angles  were 
obtained.    The  eight  columns  following  give  the  angle  of  one  side  of 
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tool  and  also  the  included  angle  tor  Buch  tools  which  have  their  cutting 
face  1/8,  3/16,  1/4  and  S/16  Inch  below  the  center  tine.  Should  one 
desire  to  construct  such  a  tool  for  very  coarse  threads,  say,  for  Instance, 
for  2  or  3  pitch.  It  can  readily  be  done  with  very  accurate  results  by 
simply  manipulating  the  figures  In  the  table. 

Example:  A  circular  tool  Is  to  be  made,  of  which  tbe  extreme  diam- 
eter Is  to  t>e  2  inches  and  which  Is  to  be  used  for  cutting  S-pItch 
threads;  its  cutting  face  Is  to  be  5/16  Inch  below  the  center  line,  and 
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It  muBt  cut  to  the  deptb  of  0.433  lacb  wben  the  top  width  ot  cut 
equalB  O.GOO  inch.  Now  the  table  gives  us  for  a  £-inch  diameter 
eCNlegree  tool  cut  6/lS  Inch  below  center,  the  hall  angle  31  deg.  23  mln., 
or  62  deg.  46  mln.  Included  angle.  These  angles  would  be  accurate 
for  making  a  tool  that  was  to  be  used  on  threads  that  have  an  approxi- 
mate depth  of  about  1/16  Inch,  but  tor  the  tool  in  question  we  would 
come  nearer  right  If  we  reckoned  our  two  diameters,  namely,  2  Inches 
for  the  one  and  IH  Inch  for  second  diameter,  since  2  X  0.433  =  0.866, 
which  is  nearly  %  Inch,  and  2  Inches  —  "^  inch  would  equal  1^  Inch 
.for  the  Becond  diameter.  Now  if  we  consider  the  Intermediate  diam- 
eter 1  9/16  tnch— which  te  found  as  follows:     2  —  1^  ^  %  Inch;   %  -¥■ 

BTRAIQHT    THBaAOIHa    TOOLS. 
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2  =  7/16  inch;  7/ie  +11^  =  19/16  Inch— we  And  upon  referring  to 
the  tables  that  a  1  9/16-inch  diameter  is  not  given,  so  we  divide  the 
dlDerence  between  a  1^-lncb  and  1%-inch  diameter;  this  difference  is 
27  minutes,  half  of  which  would  be  about  14  minutes.  This  added  to 
the  angle  given  in  the  1%-lnch  line  would  equal  32  deg.  27  mln.,  which 
would  be  the  proper  angle  to  make  the  tool. 

We  will  now  turn  to  the  straight  threading  tool,  which  fa  a  more 
accurate  tool  than  the  circular,  because  we  have  not  the  convex  side  to 
contend  with.  The  cutting  edge  of  a  straight  tool  is  always  a  straight 
line  (provided  it  Is  made  accurately)  regardless  of  what  the  clearance 
angle  Is,  although  we  have  the  same  problem  to  contend  with  In  this 
style  of  tool  as  in  the  circular,  namely:  when  the  cutting  angle  equals 
60  degrees,  for  example,  what  1b  the  angle  on  forward  side  of  tool? 

The  table  above  gives  this  angle.    As  will  he  seen  In  this  table,  the 
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first  CO lumn_  gives  th«  clearance  anglee  wblcb  range  from  S  to  20 

degrees.  Inclusive.    In  the  eecond  and  tbird  columns  are  the  reepectlve 

single  and  Included  angles,  which  when  measured  on  the  forward  side 

ot  the  toot  will  coincide  with  a  perfect  60-degree  angle  on  the  cutting 

face. 

There  is  still  another  item  which  Is  of  no  leas  importance  than  any 
previously  mentioned,  and  which  concerns  both  the  straight  and  circu- 
lar threading  tools,  and  that  is  the  setting  of  such  tools  in  the  machine 
so  that  they  may  stand  in  alignment  with  the  angle  of  the  thread  that 
is  being  cut.  Afany  threads  are  cut  which  are  smooth  on  one  side  and 
rough  on  the  other;  the  cause  is  not  having  an  equal  amount  of  clear- 
ance on  each  side  of  the  threading  tool.  The  old  style  of  lathe  tool 
which  was  used  for  threading  purposes  had  a  little  advantage  over 
the  circular  and  straight  tools  In  this  respect,  because  -it  had  clearance 
both  ways,  but  with  such  tools  that  can  be  ground  without  changing 
their  form,  we  must  obtain  front  clearance  only.  This  makes  It  more 
essential  to  have  these  tools  stand  as  near  in  tine  with  the  angle  of 
the  thread  as  possible;  but  when  we  speak  of  setting  such  tools  per- 
fectly in  alignment  with  the  angle  of  a  thread,  we  have  an  impossi- 
bility to  contend  with.  iKcauae  the  root  of  a  thread  is  always  smaller 
In  diameter  than  the  apex,  and  as  the  lead  on  both  root  and  apex 
remains  the  same,  the  angle  must  of  course  change,  when  going  from 
one  diameter  to  another.  In  other  words,  the  angle  ot  the  spiral  at 
the  root  diameter  is  always  greater  than  at  the  apex  of  thread.  The 
most  correct  diameter  to  select  would  be  about  midway  l>etween  the 
root  and  apex  of  thread,  but  as  the  changes  of  angles  are  very  slight, 
and  really  too  slight  for  practical  Importance,  they  are  generally  com- 
puted from  the  diameter  over  the  apex  of  the  thread. 
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No.  10.  ExAUFL^  or  Machine  Shop  Practice. — Cutting  Bevel  Oeare  nlth 
Rotar;  Cuttera;  Making  a  Worm-Gear;  Spindle  Const ructtoh. 

No.  11.  B&ARiNoa. — Design  of  Bearings;  Causes  of  Hot  Bearings;  Alloys 
for  Bearings;  Ball  Bearings;  Friction  of  Roller  Bearings. 

No.  12,  Matheuatics  of  Machise  Desios. — Compiled  with  siKclal  refer- 
ence to  shafting  and  efndency  of  hoisting  machinery. 

No.  13.  Blanktho  DiES.—MakIng  Blanking  Dies;  Blanking  and  Piercing 
Dle«;  ConstrnctlOQ  of  Split  Dies;  Novel  Ideas  in  Die  Making. 

No.  14.  Details  of  MACiiiifE  Tool  Dcsion. — Cone  Pulleys  and  Belts; 
Strength  of  Countershafts;  Tumbler  Gear  Design;  Faults  of  Iron  Castings. 

No.  15,  Srra  Geabiso. — First  Principles  of  Gearing;  Formulas  for  Spur 
Gearing;  Design  and  Calculation  of  Gear  Wheels;  Strength  ol  Gear  Teeth. 

No.  IG.  MAcniHF.  Tool  Drivrs. — Speeds  and  Feeds  of  Machine  Tools; 
Geared  or  Single  Pulley  Drives;   Drives  for  High  Speed  Cutting  Tools. 

No.  17.  Strpkotii  of  Cylindkhs. — Formulas,  Charts,  and  Diagrams  for 
Thick  Hollow  Cylinders;  Design  of  Thick  Cylinders;  Cast  Iron  Cyllniiers. 

No.  IS.  Shop  Abithmetic  fob  tiie  Machinist. — Figuring  Tapers,  Change 
Gears.  Cutting  Speeds  and  Feeds,  Indexing  Movements,  etc.;  Use  of  Formulas; 
Square  and  Square  Root;  Use  of  Tables  ot  Slues  and  Tangents. 

No.  19.  Use  op  Formulas  in  Mechanics. — Mathematical  Signs  and  Formu- 
las; Strength  of  Materials;  Graphical  Methods;  Levers;  Center  of  Gravity. 

No.  30.  Spibai.  Geabino. — Calculating  Spiral  Gears;  Rules,  Formulas,  and 
Diacrams  for  Designing  Spiral  Gears;  Efficiency  of  Spiral  Gearing,  etc. 

No.  21.  Meabubing  Tools. — History  and  Development  of  Standard  Meas- 
urements; Special  Calipers.  Compasses,  Micrometer  Measuring  Tools.  Fro- 
tTBcton,  etc. 

No.  22.  Calculation  of  Elements  of  Machine  Desigh. — Factor  ot  Safety; 
Strength  of  Bolts;  Riveted  Joints;  Keys  and  Keyways;  Toggle-joints. 

No.  23.  Thboei  of  Crane  Desion, — Jib  Cranes;  Calculation  ot  Shaft, 
Gears,  and  Bearings;  Force  Required  to  Move  Crane  Trolleys,  etc. 

No.  24.  Examples  of  Calci'latino  Dksioss. — Charts  In  Designing;  Punch 
and  Riveter  Frames;  Shear  Frames;  Billet  and  Bar  Passes;  etc. 

No.  25.  Deep  Holf,  DBiLtiNQ. — No.  26.  Modern  Punch  and  Die  Constsuc- 
TiOK. — ^No.  27.  Locomotive  Desiqx,  Part  I,  Boiler  and  Cylinders.— No.  2S.  Loco- 
motive Design,  Part  II,  Valve  Motion. — No.  29,  Locomothi  Desiqn,  Part  III, 
Bmokebox,  Frames,  and  Driving  Machinery.— No.  30.  Locomotive  Desion,  Part 
IV,  Springs.  Trucks,  Cab  and  Tender.^No,  31,  Screw  Thbead  Tools  and 
Oaoes. — No.  33.  Screw  Thkeao  Ci^ttinc. — No.  ,13,  Systems  and  Pbactice  op 
THE  Drafting-Room. — N'o.  34,  Care  and  Rf.paib  of  Dynamos  and  Motors, — 
No.  35.  Tables  and  Formulas  fob  Shop  and  D baft i no-Room. — No.  36.  Iron 
and  Steel. — No.  37.  Bevel  Gearing. — No.  38.  Grinding  and  Lappixg.— No.  39. 
Fans,  Ventilation  anu  Hbatino. — No,  40.     Fly-Wiieels. 

The  foregoing  books,  up  to  and  including  No.  26.  were  published  and  In 
stock  in  November.  190S.  The  remainder  will  go  to  press  as  rapidly  as  prac- 
ticable. The  complete  plan  of  the  series,  as  stated,  Is  to  cover  (he  whole  Held 
of  mechanical  practice,  and  the  editors  are  'preparing  the  additional  titles, 
wtatcli  will,  from  time  to  time,  be  announced  In  Maciiinkry, 
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CUAPTER   I. 


STA»DAia>    DRAFTING-BOOM    METHODS. 

The  theme  of  tbe  standardization  of  methods  In  the  drawlUK-room 
la  one  which  1b  of  vital  interest  to  all  who  are  comiected  more  or  leas 
directly  with  this  line  of  work.  There  are  so  many  leaks  possible  In 
the  drafting  department  of  any  firm,  so  many  ways  In  which  time  may 
be  BSTed  by  having  a  way  to  do  things  and  a  Diace  to  pat  tbem,  that 
a  few  words  upon  this  topic  cannot  fail  to  Interest  many. 

Of  course,  good  light  and  the  least  possible  amount  of  nolae  and 
confusion  In  the  room  during  working  hours  are  a  foregone  conclusion, 
while  the  flftnlpment  and  size  of  the  quarters  devoted  to  this  branch 
of  the  business  must  necessarily  depend  upon  the  sUe  of  the  company. 
Beyond  this,  however,  the  way  in  which  the  drawing-room  ministers 
to  the  wants  of  the  factory,  sad  the  accuracy  and  speed  with  which 
the  drawings  are  tnmed  out,  depend  greatly  upon  the  efOciency  of 
the  system  and  the  longheadedness  of  the  chief. 

Atraut  the  first  step  in  any  good  system  Is  the  adoption  of  a  number 
of  general  rules,  governing  the  production  of  any  new  work,  which  may 
be  easily  blue-printed  and  handed  to  any  new  man  on  his  arrival,  thus 
giving  blm  a  line  on  the  general  way  iu  which  the  work  Is  desired  to 
be  gotten  out  These  data  may  conveniently  cover  such  points,  as  Sizes 
of  drawings,  methods  of  dimensioning,  limits  to  be  used  on  the  work, 
methods  of  indicating  various  finishes,  styles  of  lettering,  cross  sec- 
tions, etc.  In  somp  drafting  rooms  they  have  gone  a  good  deal  further 
than  this,  and  have  what  may  be  termed  data  sheets.  These,  in  addi- 
tion to  the  above,  comprise  a  list  of  the  stock  of  steel  In  the  various 
sizes,  shapes,  and  qualities,  carried  by  the  firm;  stock  patterns,  exam- 
pies  and  explanations  of  the  various  formulas  In  use  In  the  shop;  and, 
in  general,  a  collection  of  data  relative  to  the  firm's  work,  which  the 
draftsman  or  designer  might  spend  much  valuable  time  in  looking  up. 

On  account  of  the  fact  that  everyone,  no  matter  how  careful,  wilt 
occasionally  commit  errors,  an  efficient  checking  method  Is  essential 
to  do  good  work.  The  best  method  to  follow  Is  this:  The  chief  ex- 
plains to  the  draftsman,  by  sketch  or  verbally,  what  he  desires,  and 
the  drawing  Is  made  under  the  supervision  of  the  chief  who  gives  It 
his  approval  as  regards  design.  It  Is  then  submitted  to  the  super- 
intendent, the  chief  engineer,  or  somebody  who  Is  In  the  last  Instance 
responsible  for  results.  He  either  approves  It,  or  orders  such  changes 
as  he  thinks  advisable,  and  the  drawing  is  returned  to  the  draftsman 
for  alteration,  If  necessary,  or,  it  not,  is  passed  to  the  checker.  The 
drawing  Is  then  thoroughly  checked  by  him  tor  accuracy  as  to  scale, 
dimensions,  and   mathematical   calculations.     If  any  corrections  ar6 


found  necessary,  the  drawing  Is  again  returned  to  the  draftsman. 
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mabeB  tbe  Deceasary  alterationa  and  returai  It  to  the  checker,  receiv- 
ing hlB  approval  on  same.  The  drawing  then  goee  to  the  tracer,  who 
makes  tbe  tracing  and  retnrne  the  original  and  the  tracing  to  the 
checker.  If  an7  corrections  ore  necessary  on  the  tracing,  tbe  tracer 
makes  them  nnder  direction  from  the  checker,  who  flnallr  approves 
the  tracing.  It  Is  then  ready  for  the  blue-print  room,  and  any  errors 
which  show  up  later  are  held  against  the  checker.  This  system  Is 
very  thorough,  and  tbe  errors  that  will  occur  are  few  and  far  between. 

Another  feature  of  value  Is  the  grouping  of  the  various  blue-prints 
covering  the  manufacture  of  a  certain  machine,  or  a  number  of  ma- 
chines of  similar  character,  In  bound  packs  or  books,  located  at  vari- 
ous points  throughout  the  plant.  This  obviates  the  continual  replace- 
ment of  lost  prints,  which  consumes  so  much  time  where  loose  prints 
are  used.  Each  book  Is  receipted  for  by  the  foreman  who  has  the 
work  covered  by  It  In  charge,  as  are  also  the  new  prints  made  neces- 
sary by  changes  in  design  or  dimensions.  A  record  of  the  location 
of  these  books  is,  of  course,  kept  in  the  drawing-room,  and  a  man  Is 
detailed  to  keep  them  up  to  date.  There  should  be  an  exception  to 
this  rule  In  tbe  screw  machine  department,  as  the  prints  of  the  parts 
should  here  be  mounted  on  boards  and  shellaced,  the  operator  having 
one  of  these  cardboard  mounts  on  bis  machine  where  he  can  refer  to 
it  Tbe  mounts  not  in  use  are  kept  In  a  cabinet  for  that  purpose, 
where  they  are  easily  accessible  to  tbe  foreman  of  the  department  In 
planning  his  work.  la  this  connection  It  might  be  well  to  note  that 
all  .the  prints  necessary  to  go  Into  any  one  department  are  those  refer- 
ring to  Operations  performed  in  that  particular  part  of  the  works, 
and  the  drawing-room  Is  generally  the  only  place  where  a  complete 
set  of  prints  Is  available. 

A  good  system  of  handling  and  recording  the  changes  made  on  draw- 
ings Is  rather  dlfflcult  to  devise.  The  following  system,  however,  will 
prove  satisfactory.  If  the  change  is  a  slight  one,  as  for  Instance  the 
change  of  a  dimension,  the  tracing  is  changed,  the  date  of  change 
being  noted  In  the  lower  rtght-hand  corner,  and  the  various  prints 
are  changed  by  tbe  man  In  charge  of  that  work.  If  the  design  Is 
changed,  a  new  tracing  Is  made,  the  old  one  marked  obsolete,  new 
prints  made  and  put  In  the  books,  and  the  new  tracing  filed  with  the 
old  one.  In  each  case  a  record  of  every  change  Is  made  In  a  book 
kept  for  that  purpose,  and  as  the  parts  are  all  arranged  numerically, 
it  Is  very  easy  to  refer  to  this  record  to  find  the  details  of  the  change 
in  making  repairs  or  flUing  orders  for  old  parts. 

It  Is  remarkable  what  a  number  of  drawings  will  accumulate  In  tbe 
course  of  a  few  years,  when  old  designs  are  being  constantly  brought 
up  to  date,  and  new  machines  being  added  to  beep  abreast  of  tbe 
times.  Owing  to  this  fact.  It  Is  necessary  to  have  a  number  of  cabi- 
nets, with  drawers  made  to  fit  the  different  sizes  of  drawings.  In 
these  drawers  the  tracings  are  filed,  as  has  been  said,  according  to 
numerical  order.  One  should  also  install  a  card  index  giving  the  exact 
location  and  size  of  the  drawing  of  the  particular  part  sought,  and 
In  case  the  number  of  the  part  is  not  known,  a  cross  Index  to  gly« 
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an  alphabetical  clattiOcatioD.  As  an  auxiliary  to  tbie  index  one  Bbould 
have  a  smaller  one  In  vbicb  are  grouped  sucb  tools  as  bits,  reamers, 
special  drills,  counterboree,  etc.,  wblcb  is  a  great  aid  and  convenience 
to  the  deeigneni  in  making  up  similar  tools,  or,  as  otten  happens,  in 
adapting  tbe  old  tool  to  a  new  part.  In  moat  drafting  rooms  there 
are.  of  course,  two  distinct  dlvielons,  one  (or  the  design  and  produc- 
tion of  the  drawings  covering  the  machines  tbemselves.  and  one  for 
the  design  of  the  tools  necessary  tor  the  economic  production  of  these 
parte.  In  the  former  dei^rtment  the  data  utilized  can  tor  the  greater 
part  be  found  In  the  standard  mechanical  works  or  the  trade  cata- 
logues. In  the  tool  designing  department,  however,  the  data  is  mostly 
compiled  from  the  book  of  experience,  of  which  there  Is  no  authentic 
edition. 

The  following  general  Instructions  are  Intended  to  be,  for  the 
most  part,  or  with  minor  changes,  applicable  to  the  practice  of  the 
average  drafting  room,  and,  for  that  reason,  are  usually  confined  to 
principles.  Disagreement  will  often  be  found  with  those  which  are  not 
principles,  but  they  represent  excellent  practice.  They  are  condensed 
as  much  as  possible  into  a  few  words,  as  the  object  has  been  to  state 
them  so  concisely  that  it  would  require  but  a  few  minutes  to  hurriedly 
read  the  whole  and  to  thus  make  it  easier  for  a  beginner  to  read  them 
every  day,  or  for  a  checker  to  glance  them  through,  occasionally,  for  ' 
pointers  that  might  have  slipped  his  mind. 

Make  details  to  a  scale  large  etiough  to  distinctly  ehow  all  parts  and 
also  to  give  suftctent  room  for  necessary  dimenelona.  This  will  some- 
times require  two  or  more  times  actual  size.  Do  not  use  an  unneces- 
sarily large  scale  when  it  will  also  require  a  larger  sheet  than  is 
otherwise  required. 

As  to  scales,  there  are  more  in  use  than  desirable  or  even  necessary, 
and  the  use  of  an  odd  scale  should  not  be  tolerated,  notwithstanding 
the  claim  made  that  the  use  of  scales  not  common  prevent  scaling 
the  drawing  by  workmen;  but  others  besides  machinists  may  want  to. 
"check  up,"  and  then  it  becomes  awkward,  to  say  the  least,  especially 
if  that  particular  scale  is  not  at  hand. 

Occasionally  drawings  will  be  noticed  bearing  the  phrases.  "Do  not 
scale, "  "Work  to  figures,"  "Report  all  errors  to  this  office,"  etc.  All 
tnis  seems  ueeieBS,  tor  general  rules  and  common  sense  indicate  this 
as  clearly  as  words  can  do  It.  It  Is  an  Insult  to  the  intelligence  of 
the  workmen  on  the  part  of  the  draftsmen  to  try  to  indicate  to  him 
that  which  Is  clearly  obvious. 

VI  ewe. 

The  views  required  are  those  necessary  to  completely  and  plainly 
show  the  piece — no  more,  no  leas— except  that  one  view  la  sufficient 
If  another  would  show  no  more  than  is  given  by  "4  inch  dia.."  ">4 
Inch  thick,"  etc.,  on  the  one  view. 

Show  pieces  In  the  position  they  occupy  on  the  construction  drawing 
qr  on  the  completed  work,  when  there  Is  no  disadvantage  I 
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Do  not  leave  wider  "open"  Bpacee  between  the  several  views  of  one 
piece  than  between  those  and  the  views  of  nearby  pieces.  Do  not 
crowd  views  so  closely  together  that  there  will  not  he  sufficient  room 
lor  dimensions  and  notes. 

Show  long  pieces  with  a  portion  of  the  length  broken  out,  when  a 
larger  scale  is  desirable  than  could  be  used  If  the  fnll  length  of  the 
piece  were  shown;  but  do  this  only  when  a  continuous  portion  of 
parts  fully  shown  Is  thus  broken  out,  or  when  notes  fully  explain  the 
emitted  portion. 

A  part  of  a!  view  may  be  shown  when  the  remainder  would  be  only 
a  repetition  of  what  is  plainly  shown  elsewhere. 

Always  use  "third  angle"  projection;  that  Is,  place  views  nearest 
the  side  of  adjoining  view  which  they  show.  Follow  the  same  prin- 
ciple of  direction  of  view  In  sections,  making  them  on  the  side  where 
the  outside  view  of  the  cut-away  portion  would  be.  Any  deviation 
from  thlB  rule  must  be  very  plainly  noted  on  the  drtiwlng. 

Always  draw  both  right-hand  and  left-hand  pieces  when  both  are 
to  be  made,  unless  the  differences  are  so  simple  that  one  or  two  dimen- 
sions can  be  noted  for  each  without  confusion.  If  the  pieces  are  cast- 
ings, and  but  one  pattern  Is  required,  make  notes  to  that  effect,  men- 
tioning changes.  This  also  applleb  to  similar  pieces  cast  from  one  pat- 
tern with  changes,  when  a  detached  view,  or  portion  of  one,  would 
otten  show  the  change. 

Lln«e. 

Make  outlines  in  medium  or  heavy  lines,  giving  strong  contrast 
with  dimensions  and  center  lines,  which  must  always  be  light  but 
diatlnct. 

Make  section  lines  not  less  than  1/16  Inch  apart,  except  on  widths 
of  less  than  %  Inch.  Make  them  lighter  than  the  outline.  On  ordi- 
nary work,  narrow  sections  may  be  cross-sectioned  by  free-hand. 

Have  no  "hair"  lines  In  figures,  letters  or  outllUEs. 
DlmenslODB. 

Give  all  the  dimensions  necessary  to  make  the  piece — no  more,  no 
less — and  do  not  repeat  them  on  same  nor  on  different  views  of  the 
same  piece  unleas  for  a  special  reason. 

Give  dimensions  so  that  the  workman  will  not  have  to  do  any  Im- 
portant figuring  himself. 

Give  dimensions  where  and  as  they  will  be  most  useful  to  the  work- 
Do  not  give  dimensions  from  the  center  line  of  a  piece  when  it  Is 
not  necessary. 

Give  dimensions  from  sometbing  that  the  workman  can  and  should 
measure  directly  from.  If  reasonable  to  do  so. 

Give  dimensions  between  places  having  a  definite  relation  rather 
than  otherwise. 

Place  the  shorter  dimensions  nearest  the  outline. 

Place  dimensions  so  that  there  need  be  no  doubt  as  to  what  they  refer. 

Do  not  repeat  a  dimension  many  times  In  a  single  line  where  the 
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llkencas  Is  clear  from  the  drawing.  At  most,  give  it  two  or  three 
times  and  then  include  the  remainder,  or  tbe  whole,  in  a  dimension 
reading  like  this;     12  spaces  at  9'  =  9'  —  0". 

Never  crowd  dimension  lines  or  Bgures. 

Run  the  limiting  line  slightly  beyond  the  end  of  the  dimension  line. 

On  a  piece  having  several  diameters  Ih  its  length,  or  In  similar 
holes,  give  the  diameters  In  the  side  view,  or  section,  rather  than  in 
the  end  view. 

Where  two  things  are  centrally  spaced  In  relation  to  a  third,  and 
also  definitely  related  to  each  other,  give  one  dimension  from  the 
center  to  one  and  another  between  the  two. 

Where  an  inside  dimension  Is  given  on  an  outside  view  and  is  not 
much  different  from  It,  make,  distinct  by  marking  "Inside,"  or  by 
giving,  In  line  with  It,  the  remaining  dimension. 

Do  not  call  for  Impossible  or  unnecessary  accuracy.  It  a  dimen- 
sion Is  calculated  181/64  inches  and  the  work  is  so  rough  that  In- 
accuracies of  1/16  inch  are  provided  for.  leave  off  the  1/64  inch,  but 
do  not  disregard  the  correct  figure  In  further  calculations. 

Give  angles  from  existing  surfaces,  or,  so  that  no  figuring  will  be 
required  of  the  workman  In  order  to  measure  the  angle. 

Make  the  dimension  line  for  an  angle  an  arc  with  He  center  at  the 
vertex  ot  tbe  angle.  Mark  figures  "deg."  and  "min."  Do  not  use  their 
signs. 

Mark  radii  "rad."  or  "R." 

If  It  Is  generally  understood  that  all  sizes  are  given  In  Inches  and 
tractions  thereof,  up  to  a  certain  definite  number,  like  100,  tbe  Igch 
mark  <")  may  well  be  neglected  as  time  taking  and  obscuring  to 
the  drawing.  On  6's  and  9'8  some  prefer  to  use  them  for  the  sole 
purpose  of  Indicating  the  position  they  are  to  read  from.  Plain  Ara- 
bic figures,  the  tractions  smaller  than  the  Integers,  are  preferable  In 
making  a  clear  drawing. 

Flirnraa  and  Signs. 

Never  put  letters,  figures,  signs  or  arrow-heads  on,  nor  running  Into, 
each  other,  the  outline  ol  tbe  piece,  nor  any  but  their  own  dimension 

Make  figures  and  lettering  read  from  the  bottom  or  from  the  right- 
band  end  ot  the  sheet,  always  parallel  with  one  or  the  other,  except 
dimensions '.on  lines  necessarily  on  an  angle,  and  on  radii,  and  angles 
dimensioned  In  degrees,  which  may  read  on  an  arc  of  the  angle. 

Make  figures  and  letters  large  enough  and  heavy  enough  to  be  dis- 
tinct—not  less  than  G/64  Inch  or  1/12  Inch  high  on  ordinary  work. 
That  size  for  fractions,  and  1/8  inch  to  5/32  Inch  for  whole  numbers 
Is  good  practice. 

Make  the  dash  between  feet  and  Inches  distinct  so  that  3'  —  4"  shall 
not  lie  mistaken  for  34". 

Make  arrowheads  plain  and  neat.  Make  them  blunt  If  there  Is 
danger  of  doubt  as  to  the  line  they  designate. 

Use  open  and  distinct  toims  of  figures  and  letters. 

Make  Inch  and  toot  marks  dlKtlnct,  but  much  smaller  than  tlu 
figures. 
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Mahe  whole  numbera  given  together  with  tractions  large  enough 
that  they  will  not  be  mistaken  for  a  part  of  the  fraction. 

When  the  space  Is  not  necesBarlly  limited  In  height,  use  the  hori- 
zontal vinculum,  or  separating  line  In  tractions:  \"  rather  than  1/2". 
Notea  and  Lett»ring. 

Put  notes  on  the  drawing  whenever  necessary  for  a  distinct  under- 
standing of  the  requirements,  as  when  one  part  is  to  have  a  certain' 
nt  with  another,  except  where  the  same  Is  otherwise  provided  tor,  as 
by  gages,  micrometer  measurements,  etc. 

Express  things  In  notes  whenever  they  will  be  plainer  that  way 
than  by  further  drawing  or  dimensions. 

On  rough  works  It  is  often  well  to  note  character  and  use  on  size  of 
holes  thus;  "drill  17/32"  for  Vj"  bolts.-  "punch  9/16"  for  Vj"  bolta," 
"core  %"  for  'A"  bolt,"  "ream  for  Vj"  shaft,"  "bore  for  sleeves  No.  65." 

When  there  might  be  a  question  about  them,  mark  cast  holes  whether 
cored  or  cut  in  pattern. 

On  work  having  little  finlsblng,  mark  such  surfaces  finish,  bore, 
drill,  turn,  etc. 

Run  leading  lines  from  notes  to  holes  or  other  features  to  which 
they  apply,  unless  their  relation  is  very  plain.  Make  them  free-hand, 
light,  with  black  ink  and  an  arrowhead  at  the  end  Indicating  unmis- 
takably to  what  they  refer. 

Avoid  all  words  and  phrases  which  might  be  easily  misunderstood, 
or  not  understood  at  all. 

When  a  note  consists  ot  more  than  two  lines,  make  them  match, 
vertically,  on  the  left-hand  side. 

Make  spacing  between  lines  of  lettering  In  notes  uniform  and  not 
wider  than  the  height  of  the  letters. 

Except  in  simple  cases,  name  the  sections  of  a  piece  and  show  by 
a  light  broken  line  where  they  are  taken.  Letter  the  ends  of  the  line 
to  read  trom  the  side  that  would  be  removed  to  show  the  section 
as  drawn. 

Malte  all  lettering  in  capitals,  vertical,  or  very  slightly  inclined  to 
the   right,   and   of  uniform   height. 

Mahe  titles,  names  of  sections,  views,  and  pieces,  with  letters  %  inch 
high,  other  lettering  1/12  or  G/64  inch  high. 

Such  statements  as  "one  thus,"  "one  ot  this" — both  of  which  are 
actual  prevarications— should  be  abolished  as  time-taking  nonsense. 
The  number  of  pieces  required  may  be  given  simply  in  connection  with 
the  material  to  be  used,  and  the  name  or  number  designating  the  part 
shown,  and  nothing  more  Is  required.  This  had  better  be  written, 
rather  than  given  in  numerals,  to  prevent  any  possible  error. 

The  general  title — aa  the  name  of  the  machine,  the  parts  actually 
shown,  or  the  word  "Details,"  the  party  tor  whom  the  drawings  are 
made  (IC  other  than  the  makers),  and  the  engineering  office  mak- 
ing them— should  be  given.  It  likely  to  be  sent  away,  and  hence  be- 
come "foreign"  drawings,  the  address  may  also  be  added. 

Symbols  and  consecutive  Sling  numbers  should  be  suRlclently  large 
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so  as  to  readily  catch  the  eye;  In  fact,  they  should  be  the  most  promi- 
□ent  tbln^  about  the  sheet,  and  It  is  not  a  bad  plan  to  have  the  same 
repeated  on  the  opposite  comer  In  case  the  drawing  should  be  turned 
bottom  up. 

General  Bules. 

Exercise  your  "gray  matter"  a  little  before  doing  things  rather  than 
"the  boss's"  patience  afterward. 

A  rule  is  sometimes  better  obserred  tn  the  breaking  rather  than  In 
the  keeping.    Heed  the  spirit  as  well  as  the  letter  of  all  iuBtructloDB. 

The  men  who  mahe  the  pieces  are  not  draftsman  and  should  not  be 
supposed  to  know  more  about  a  piece  than  Is  given  on  the  drawing. 

A  drawing  Is  plainer  to  the  man  who  malies  It  than  to  the  mechanic 
who  first  sees  It  when  he  Just  starts  on  the  work.  Consider  what  you 
would  wont  to  know  If  you  were  to  make  tbe  piece  correctly  under 
the  workman's  clrcumetanceB. 

Strive  for  cleamess.  completeness,  simplicity  and  neatness. 

While  It  is  admitted  that  drawings  are  not  In  themselves  an  end, 
but  rather  a  means  to  an  end,  it  is  equally  true  that  they  constitute 
a  sort  of  universal  language  In  mecbaolca,  and  tbe  more  perfect  and 
uniform  this  language  ean  be  made  the  better  It  must  be  for  all  con- 
Summarizing,  and  putting  our  instructions  in  the  most  concise  form. 
we  may  formulate  tbe  following  exact  rules  for  general  drafting-room 

All  drawings  should  be  made  on  standard  size  sheets,  within  stand- 
ard borders;  full  size,  or  to  as  large  a  scale  as  possible. 

All  views  Should  be  placed  in  the  third  angle. 

Views  should  be  so  arranged  on  the  sheet  as  to  leave  a  clear  space 
for  the  title  at  the  lower  rlght-h^nd  corner. 

Shade  lines,  i.  e.,  heavy  lines  drawn  on  the  right-hand  and  lower 
side  of  solids — oppositely  on  interiors— should  be  used. 

Shading,  excepting  at  the  Intersection  of  cylinders,  is  not  desirable. 

Use  section  lines  as  little  as  possible. 

All  figures  to  be  at  least  M,  Inch  high  and  clear  of  view. 

All  sizes  less  tban  100  Inches  to  he  In  Inches. 

No  inch  marks  should  be  used,  except  on  the  6'b  and  9's.  when  alone. 

The  oblique  line  between  the  members  of  a  fraction  should  not  be 
used  whether  the  fraction  is  In  connection  with  an  Integer  or  stands 

Center  lines  should  be  made  In  thin  black. 

Dimension  lines  should  be  made  In  thiu  black. 

Titles  should  Indicate,  (a)  the  object  drawn;  (b)  tor  whom  or  for 
what  purpose;  (c)  name  of  engineering  ofllce;  (d)  scale  used;  <e) 
date;  (f)  draftsman;  (g)  checker;  (h)  number  of  drawings  In  set; 
(1)  Individual  number  of  drawing;  {])  symbol;  (k)  numerical  order  of 
drawing;  and  when  desirable,  (1)  designer;  (ml  size  of  sheet,  repre- 
sented by  symbol;  (n)  If  detail  or  assembly,  and  (o>  by  whom  ap- 
proved. 
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Chacklns  a  Drawlat. 

Id  checking  drawings  for  a  machine,  tbe  first  thing  to  be  done  lo 
all  cases  ts  to  get  the  general  arrangement,  and  to  check  tbe  center 
distances  and  elevations  with  the  principal  dimensions  given  on  the 
details.  Atter  the  principal  dimensions  on  the  general  drawing  have 
been  checked,  it  Is  used  as  a  lay-out  for  the  details.  Each  dimension 
on  the  detail  Is  checked,  and  If  a  similar  detail  has  been  used  on  some 
other  macbine.  In  order  to  eatabllsb  a  standard,  the  nefv  one  should 
be  made  proportional  to  tbe  old.  Finish  marks  are  noted  on  details 
where  required,  and  none  on  surfaces  that  do  not  need  It.  for  any 
finish  that  can  tte  saved  leseens  tbe  time  in  the  machine  shop.  Sizes 
of  all  bolt  holes  are  marked  and  the  bolts  to  be  used  are  called  tor 
or  noted.  Every  piece  on  the  drawing,  either  called  tor  or  shown, 
must  be  given  a  letter  or  pattern  number,  and  the  number  of  pieces 
required  for  each  drawing  ordered.  If  a  cert^n  radius  for  curve  Is 
used  In  one  place,  tbe  same  radius  should  be  used  in  each  similar 
place.  Care  must  be  taken  In  checking  that  standard  sizes  are  used 
as  far  as  possible,  eepecially  In  slots  for  b^lt  heads.  It  a  slot  is  made 
so  wfde  that  a  standard  square  bead  bolt  turns  In  it.  a  special  bolt 
is  required;  while  If  tbe  slot  had  been  mad^  narrower,  a  standard 
bolt  from  stock  would  have  answered  the  purpose  Just  as  well.  When- 
ever practicable,  the  pieces  of  a  machine  should  be  made  so  tliat  one 
can  be  removed  without  disturbing  the  other,  this  saving  a  great  deal 
of  time  when  making  repairs.  As  few  patterns  as  possible  should 
be  made,  and  often,  with  a  little  foresight,  one  pattern  can  be  made 
to  answer  In  two  or  three  places  by  making  some  pieces  loose  so  that 
they  can  be  changed  around  to  suit  different  conditions.  Great  care 
must  be  eierclsed  that  there  are  no  interferences.  These  can  best  be 
detected  on  the  general  arrangement  and  by  laying  out  the  adjacent 
machinery. 

In  mcst  drawing- rooms,  when  checking,  the  tracing  is  used,  and  all 
the  changes  are  noted  on  the  tracing  with  a  pencil — blue,  red  or  black. 
as  the  draftsman  prefers,  while  tbe  correct  figures  are  checked  with 
Inkt  After  the  man  who  made  tbe  drawing  has  approved  the  indi- 
cated changes,  the  tracer  makes  them  without  erasing  the  pencil 
marks.  The  drawing  is  then  returned  to  tbe  checker,  who  checks 
off  the  changes  that  have  been  made.  As  he  checks  them  off  in  ink, 
he  cleans  the  tracing  with  a  sponge  rubber  and  anytblns  the  tracer 
may  have  missed  tbe  checker  finds  during  this  operation.  All  figures 
on  the  drawing  must  be  clear,  so  that  there  can  be  no  doubt  In  the 
shop  as  to  tbe  Intended  dlmenslona  The  pattern  and  drawing  num- 
bers must  be  looked  up  to  see  if  the  records  have  been  made  oul 
properly,  and  after  the  ■detail  drawings  are  all  checked  tbe  general 
drawing  can  be  finished.  All  the  pattern  numbers  are  noted  and  the 
principal  pieces  marked  with  their  particular  mark  and  drawing 
number. 

It  is,  however,  a  much  easier  and  better  way  to  take  a  print  of  the 
tracing  to  be  checked.     All  corrections  or  changes  are   Indicated  on 
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this  print  witb  red  pencil,  and  all  flgurea  that  are  rigbt  are  checked 
with  yellow  pencil.  The  changed  bincprint  la  given  back  to  the  drafts- 
man and  he  and  the  checker  go  over  it  and  decide  which  la  the  cor- 
rect figure  or  the  better  way  to  do  the  work.  After  all  changea  have 
been  approved,  the  tracer  makes  the  corrections  Indicated  in  red 
pencil.  When  this  te  flniehed  the  checker  comparee  the  tracing  and 
the  blueprint  to  see  It  all  changea  have  been  made  and  If  be  finds  the 
dlmenslonB  on  the  tracing  correspond  to  the  red  ones  on  the  print, 
he  checks  tboae  on  the  print  with  a  blue  pencil,  marks  the  tracing 
"checked,"  and  the  checked  blueprint  la  filed.  If  the  work  does  not  go 
together  properly  in  the  shop,  the  chief  drattamai)  can  produce  the 
checked  blueprint,  see  If  the  dimensions  have  been  overlooked  or  Im- 
properly checked,  and  Bo  know  where  to  place  the  blame.  When  a 
drawing  ia  checked  by  this  method  no  check  marks  show  on  the  trac- 
ing, but  it  is  marked  In  one  comer:     "Checked  by ,"  and  the  date 

given  when  checked. 

With  the  Drat  method  It  Is  not  unusual  for  a  drop  ot  ink  to  tall  on 
the  tracing  or  for  some  of  the  check  marks  to  be  blurred.  The  checker 
must  then  spend  quite  a  little  time  In  cleaning  off  the  drawings,  a 
waste  of  labor  which  is  obviated  by  the  latter  method.  It  there  are 
a  large  number  of  drawings  for  the  machine,  the  tracings  In  the  first 
method  get  very  badly  soiled  and  crumpled.  It  being  necessary  to  have 
them  all  on  the  table  during  the  entire  process  of  checking,  which 
often  occupies  a  week.  In  the  latter  method,  however,  the  tracings  are 
out  only  while  the  tracer  la  making  the  necessary  changea  and  while 
the  checker  looks  them  over  to  see  If  they  are  correct. 

The  following  concise  rules  for  checking  drawings  may  prove  of 
value  to  inexperienced  checkers:  See  that  the  parta  are  strong  enough 
to  do  the  work.  See  that  they  are  of  the  proper  materials  and  that 
all  the  dimensions  are  drawn  to  scale  and  check  up  with  each  other. 
Care  should  be  taken  that  the  proper  number  of  pieces  ot  each  part  for 
one  machine  la  called  for  on  the  drawing.  The  different  parts  should 
be  so  designed  that  the  machining  may  be  easily  done  with  the  facili- 
ties at  the  disposal  of  the  establishment,  and  finish  marks  ahonld  be 
carefully  checked  to  see  that  some  parta  are  ndt  marked  to  be  finished 
which  should  be  left  rough,  and  vice  versa.  There  should  be,  also,  a 
correct  list  ot  the  subsidiary  but  necessary  artlclea  to  be  drawn  from 
the  store  house  or  ordered  outside,  as,  for  instance,  oil  cups,  nuta, 
wrenches,  and  bolts. 

E^ch  part  must  be  so  designed  that  It  may  be  readily  removed  for 
inspection  or  be  easily  acceaalble  for  cleaning  and  repairs.  If  the  part 
Is  heavy,  facilities  should  be  provided  for  handling  it,  and  some  parts, 
such  as  cylinder  heads,  should  have  starting  screws  by  which  they  can 
be  given  the  preliminary  lift  trom  their  seats.  All  moving  parts  ahonld 
be  furnished  with  lubricating  devices  so  located  that  filling  and  clean- 
ing may  be  easily  attended  to,  and  with  oil  paaaagea  ao  dlspoaed  that 
the  lubricant  will  easily  reach  the  surtacea  for  which  it  Is  intended. 
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GENERAL  SUGGESTIONS  IN  MAKING  DEAWINGS. 
IndlcatliiK  Finished  8ur&c*B. 

Fig.  1  BhowB  B  simple  and  conveDient  Bystem  of  finishing  marliB 
which  has  been  In  use  In  a  well  Bystem atlzed  drafting  room  tor  several 
yeatB.  It  wlU  be  noticed  that  the  usual  /  Is  the  predominating  char- 
ttcter,  with  the  addition  of  another  letter  at  the  right,  this  letter  denot- 
ing the  St  desired  tn  the  piece  on  which  it  may  be  placed.  This  ex- 
ponent, as  It  were,  has  not  been  chosen  ao  much  becauBe  it  would  sug- 
gest the  character  of  the  St.  but  rather  tor  the  ease  with  which  It  may 
I>e  made  on  the  drawing,  that  Is,  with  one  stroke  of  the  pen.  In  the 
design  of  special  machloery,  where  the  workmen  have  no  past  experi- 
ence to  guide  them,  these  marks  have  saved,  to  the  draftsman,  any 
small  and  yet  Important  questions  _as  to  St,  Snlsh  and  quality  of  finish, 
necessary. 

On  detail  drawings,  something  to  show  the  St  la  easentlal  to  make  a 
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complete  working  drawing,  and  on  more  or  less  assembled  drawings 
some  marks  of  this  nature  are  of  no  less  Importance,  for  each  man 
having  occasion  to  use  the  drawing  can  tell  at  a.  glance  what  should 
be  a  running  fit,  what  a  driving  St,  what  ordinary  machine  finish,  and 
what  polished.  The  allowance  for  the  fit  is  preferably  made  in  the 
holes,  the  parts  fitting  them  being  machined  to  the  exact  figure  given. 
This,  however.  Is  unimportant,  as  the  allowance  could  be  made  on  the 
parts  fitting  the  holes,  according  to  the  Individual  shop  practice. 

The  following  table  will  give  a  clearer  idea  of  the  application  and 

value  ot  the  marks.    If  each  man  Is  given  a  blue-print  or  card  of  the 

flnisb  characters  along  with  the  first  drawing  on  which  they  are  used, 

no  further  trouble  is  found  in  making  the  men  accustomed  to  their  use. 

Tabis  or  FinlBhlar  Marks. 

The  following  marks  will  be  used  on  drawings  to  Indicate  the  finish 
and  fits  required: 
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/,  machine  flnieb. 
//,  macblne  flnlsb,  (polished). 
J",  hand  finish  only. 

/B,  forcing  fit.  —  0.002  for  first  inch  and  0.001  each  additional  Inch. 
/»,  driving  fit,  — 0.001  (or  first  inch  and  0.0005  each  additional 

/!«,  easy  driving  fit:  exact  size. 
p-,  running  fit,  +  0.001  tor  first  inch  and  0.001  each  additional 

P.  finish  exactly  to  size. 
ODt  gear  dfBtance. 
+  or — ,  allowance  between  shoulders. 
— ^  liey  drives  thla  way. 
/"",  flniab  all  over. 
All  allowance  tor  fit  to  be  made  in  holes.    Shafts  to  given  dimen- 
sions.   All  dimensions  In  inches  up  to  S  feet. 

In  Fig.  2  Is  shown  another  system  ot  finishing  marks  which  has 
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also  been  in  practical  uae  tor  several  years  In  another  well-organized 
drafting  room.  In  this  system  the  various  classes  of  flnlsb  are  desig- 
nated by  number,  aa  toHows; 

Finish  No.  1  requires  surfaces  to  be  extremely  smootli  and  accurate 
within  a  tolerance  of  ±  0.0005  inch. 

Finish  No.  2  requires  surfaces  to  be  very  smooth  and  accurate  within 
a  tolerance  ol  ±   0,001  Inch. 

Finish  No.  3  requires  surfaces  to  be  smooth  and  accurate  within  a 
tolerance  of  ±  0.003  Inch. 

Finish  No.  4  requires  surfaces  to  be  accurate  within  a  lolerance  ot 
±  0.006  Inch. 

Finish  No.  5  requires  surfaces  to  be  rough  machined  or  filed  to  within 
a  lolerance  of  ±  0.025  Inch.  , 

Finish  No.  6  requires  that  castings  or  torglnge  be  cleaned  of  all  sand, 
scale,  risers,  fins,  etc.;  and  that  no  tlilckness  of  metal  when  ready  to 
assemble  shall  differ  from  drawing  dimensions  more  than  ±  5  per  cent. 
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All  allowance  (or  fit  1b  to  be  mode  on  the  female  parte.  Male  parts 
are  to  be  made  to  the  etandard  size. 

Wttb  the  above  sjatem,  used  on  drawings  as  indicated  In  Fig.  2, 
work  can  be  laid  out  to  any  degree  of  accuracy  reaulred  and  the  work- 
man readily  knows  between  what  Umlta  of  accuracy  be  must  make 
any  dlmenelon.  In  caseB  where  the  piece  can  be  made  satUfactorl!7 
with  one  grade  of  finish  all  over,  a  note  may  be  added  to  the  nama, 
etc.,  of  the  piece  on  the  drawing  to  that  effect.  For  example,  the 
Bpeciflcatlon:  Washer^Flnleh  No.  4,  attached  to  the  drawing  of  a 
waaher  would  indicate  that  no  dimension  need  be  worked  closer  than  ± 
O.OOB  Inch  to  the  specified  sizes. 

Becordlng  Cbaoiree  on  Drawlnrs. 

The  recording  of  changes  or  revisions  made  on  drawings  of  any 
kind  Is  of  the  greatest  importance,  and  Fig.  3  lllastrates  a  very  satis- 
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factory  method  of  recording  changes  on  a  drawing.  The  columns 
beaded  Revisions  show  Che  location  on  the  drawing  of  dimensions  re- 
vised and  also  the  date  when  the  revisions  were  made.  The  small 
figure  at  the  right  of  the  letter  of  revision  In  the  column  indicates  how 
many  places  on  the  drawing  the  revision  affects.  For  Instance,  the 
revision  A'  affects  the  drawing  in  three  places,  while  B  affects  It  In 
.only  one  place,  as  sbown.  It  Is  a  matter  of  opinion  as  to  how  to  re- 
move the  old  dimension  and  place  the  new  dimension  in  Its  place,  but 
It  Is  preferable  that  the  old  dimension  be  merely  crossed  out  and  the 
new  dimension  be  ahown  above  It,  as  In  Fig.  3. 

It  ll  Bdvlaable,  on  account  of  its  simplicity  and  the  possibility  for 
ready  reference,  that  a  separate  file  of  revision  records  for  eacli  type 
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of  machiDe  being  manufactured  be  kept.  A  card  aystem,  of  some  Bucb 
form  aa  shown  in  Fig.  4.  Is  preferred  by  tbe  writer,  because  its  flexi- 
bility aJlowB  for  Bufficient  expansion  to  cover  all  details  concerning 
any  revision  that  may  be  made  In  any  drawing.  Tbe  cards  in  the 
revision  file  are  Indexed  by  tbe  drawing  numbers,  and  are  arranged  in 
their  several  Indexed  spaces  In  tbe  alphabetical  order  in  which  the 
revisions  were  made.  By  the  above  method  a  complete  record  o(  all 
changes,  on  any  piece,  shown  on  any  drawing  and  belonging  to  any 
machine,  can  be  kept  In  compact  form  and  in  condition  for  immediate 
reference  at  any  time.' 

Cban^nff  Drawings  Quickly. 
Occasionally  a  big  change  In  a  drawing  is  necessary,  and  a  print  is 
wanted  at  once,  or  a  different  style  of  machine  la  to  be  made,  having 
the  major  portion  exactly  tbe  same  aa  shown  on  the  same  previous 
drawing.  The  engraving.  Fig.  5,  illustrates  this  case.  A  rapid  method 
for  changing  drawings  is  as  tollowa:     A  tracing  shown  at  A.  Is  on 

,A^^^\  , , 

Oramng No,lZ*3  \   /ferision.  A'      \     Date,  «/2//o7. 


Rerision  defai/s^ 


JoffpoC  cxtjp,  ^  */§,  Xtmg^  ot/»i  ait  cAo^n^fed 


.ene( 


OiZ  ai/tit^cw  pi^f  IPc  */S,  i&io/irt^kit.  ^-ivu- 


cAariaui  A<wi  a.-'fg^'-Co  0.4S3' 


Aff/7ge/,  C.eZ.^. 


hand,  but  we  wish  a  print  showing  this  valve  with  a  female  pipe  thread 
on  both  ends.  From  this  tracing  we  then  make  a  negative,  shown  at 
B,  using  a  brown  process  paper.  Now  with  a  piece,  or  pieces,  of  brown 
opaque  paper  cover  up  all  parts  of  this  negative,  B.  that  should  not 
show  on  the  required  print.  From  this  partially  covered  negative 
make  a  new  print,  C,  again  using  brown  process  paper.  On  this  new 
print,  C,  draw' with  India  Ink  the  special  part  of  the  new  style  valve 
and  use  the  drawing  D,  thus  obtained,  as  an  ordinary  tracing.  The 
brown  lines  will  print  as  well  as  the  lines  added  in  India  Ink.* 
Other  Time-Saving  Methods  for  the  Draftlnfc-Eoom. 
It  freauently  happens  that  the  drafting  room  in  a  large  plant  gets 
behind  In  Its  work,  and  the  shop  requires  drawings  at  once.  It  is  not 
always  advisable  to  send  out  pencil  drawings,  because,  if  there  Is  to  bs 

•  Howard   D.  Yoder,  Wadsworth.  Ohio,  Octftber,   190T. 
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'any  record  kept  of  (be  work  done  in  the  drawing  room,  a  copy  of  eacb' 
drawing  ehoald  be  made  before  sending  it  out.  Beeldes  that,  pencil 
drawings  get  mlgbty  greasy  and  torn  knocking  around  the  sbop  or 
fletd.  This  not  only  makes  It  difflcult  for  the  workman  to  understand. 
but  when  it  is  finally  returned  to  the  drawing  room,  tracing  it  satlB- 
factorily  Is  net  possible. 

A  quick  and  sure  way  to  solve  this  problem  is  to  trace  the  sheet  upon 
tracing  paper  with  a  soft  pencil.  By  making  the  drawing  on  the  trac- 
ing paper,  not  only  time  but  material  is  saved.  This  can  be  done  in 
about  one-third  the  time  in  which  the  drawing  could  he  traced  upon 
cloth.  Care  should  be  taken,  however,  to  make  the  lines  heavy,  so  that 
they  win  print  well;  curves  and  circles  can  be  Inked  in  more  quickly 
and  greate'r  satlBfactlon  be  given  than  it  they  be  put  in  pencil.     If 


Pl«.  S,    Malbod  otChMaglng  Dmrlua*  Qnlckly. 

Strips  of  drawing  paper  be  pasted  on  the  edges  of  the  paper.  It  will 

A  good  method  for  sending  out  copies  of  small  or  detail  work  is  to 
have  a  cross  section  sketch  book  about  seven  and  one-half  inches  by  ten 
and  one-half  inches.  Next  to  each  cross  section  page  should  be  a  num- 
ber of  thin  blank  pag«s,  preferably  three.  After  the  sketch  has  been 
drawn  In  lightly,  carbon  paper  ran  be  inserted  between  the  sheets  and 
the  sketch  gone  over  with  a  glass  point  or  hard  pencil.  Then  these 
carbon  copies  can  be  torn  out  and  sent  to  the  shops,  the  cross  section 
page  being  kept  for  record.  These  books  are  handy  alike  for  reference 
and  filing.* 

Using  Bond  Paper  Instead  of  Tracing  Clotb. 

Thin  bond  paper  is  In  many  respects  better  than  tracing  cloth  for 
drawings  to  be  blue-printed.    It  permits  the  making  ot  a  ueat-looklng 

•  F.  n.  Slcuart,  Spnrrowa  Point.  Ma.,  AuB"st.  1008. 
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•drawing,  pencil  drawings  can  eaall;  be  made  on  It,  a  beavy  pencil 
drawing  will  blue-print  nicely  from  It.  and  It  le  cheaper  than  clotb. 
Bealdee,  tracing  clotb  does  not  lay  In  drawers  as  well  as  bond  paper. 
Wben  tracings  are  creased  across  tbe  lines  ol  tbe  drawing  It  makes  it 
very  bad  wben  the  print  Is  taken.  Tbere  Is  no  trouble  on  tbiB  score 
with  bond  paper,  and  If  tor  no  other  reason  than  this  many  bave  de- 
cided in  its  tavor.  Drawings  can  be  Inked  more  accurately  by  Inking 
tbe  original  pencil  drawing  than  by  tracing,  and  It  can  be  done  more 
rapidly,  which  is  another  advantage  for  bond  paper. 

In  many  draft  lug- rooms,  witb  tbe  exception  of  drawings  that  must 
be  repeatedly  and  frequently  blue-printed,  they  make  no  tracings.  Such 
as  they  make  are  made  largely  for  the  reason  that  they  blue-print 
more  rapidly.  Another  reason  for  tracing  is.  that  If  the  original  draw- 
ing were  used  to  blue-print  from  too  often.  It  would  soon  become  worn 
out  and  unfit  to  make  another  copy  from  without  much  labor.  So,  tor 
standard  erecting  plans,  etc..  it  is  preferable  to  make  tracings  on  cloth 
and  keep  tbe  original  carefully,  as  in  tbe  course  of  years  it  Is  likely 
to  need  alteratlonB. 

From  aniooth  and  eeml-traneparent  drawing  paper  one  can  get  a 
^TBt-claSH  blueprint  in  about  two  and  one-fourtb  times  tbe  number  of 
I-rinutea  required  for  tracing  on  cloth.  The  drawing  Is  laid  out  In 
pencil,  then  the  useless  lines  wiped  ott  with  a  piece  of  "artgum,"  which 
is  about  half-way  between  stale  bread  and  velvet  rubber  In  its  cleansing 
properties.  It  leaves  the  surface  In  good  shape  for  Inking,  and  when 
the  drawing  is  Inked  it  is  done.     Tbere  is  no  tracing  to  be  made. 

Sketohlur  Methods. 
For  BketctaIng,  tbere  are  two  good  methods  of  duplicating,  and  which 
one  Is  used  depends  generally  upon  tbe  number  of  duplicates  required. 
In  case  but  one  or  two  are  needed,  make  the  sketch  on  fairly  heavy 
crosa-aection  paper  with  'Mephisto"  colored  copying  pencils.  The  orig- 
inal sketch  goes  Into  the  shop  In  this  case,  after  being  copied  in  an 
•ordinary  letter  book  with  moistened  pads.  A  second  copy  can  he  made 
.  on  a  loose  sheet  to  Bend  oCf  In  a  letter  it  needed,  but  In  case  a  second 
shop  drawing  Is  likely  to  be  needed  later,  tbe  other  method  should  be 
used.  This  conslstB  of  a  sketch  made  on  tbln  croas-eectlon  paper  with  a 
stylcgraphic  pen  loaded  with  Hlgglns'  Eternal  ink.  This  Ink  has 
sufficient  body  to  yield  a  fair  blue-print,  though  it  is  not  thick  enough 
to  clog  tbe  stylo.  It  a  more  elaborate  sketch  is  required  than  a  rough 
free-hand  sketch,  lay  It  ott  in  pencil  and  then  go  over  the  etralght  lines 
with  tbe  stylo,  and  the  circles  and  area  witb  tbe  regular  bow-pen  or 
compaas.  which  is  much  easier  than  trying  to  follow  a  true  curved  line 
with  tbe  Btylo  held  In  the  hand. 

Prom  these  stylo  sketches  a  very  gccd  blue-print  can  be  made,  and 
working  drawings  put  In  shape  for  the  shop  In  a  very  short  time.  The 
sketches  are  filed  in  indexed  envelopes,  and  the  copybook  sketches  In 
-colored  pencil  are  all  indexed  in  the  back  of  the  book,  bo  in  either  case 
it  Is  not  much  ot  a  job  to  locate  an  old  sketch. 
While  It  is  well  to  make  drawings  and  sketches  fairly  o 
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to  minor  details,  at  the  same  time  a  liberal  use  ot  the  Engllsb  language 
legibly  written  on  the  same  sheet  with  the  sketch  goes  a  long  way  to 
prevent  misunderstandings.  I(  drattsmen  themselTes  cannot  all  agree 
as  to  what  a  certain  yiew  of  a  drawing  realty  represents  (and  such 
cases  have  been  spoken  of  more  or  less  In  the  technical  papereh  is  It 
any  wonder  the  man  In  the  shop  sometimes  has  to  scratch  hie  head 
more  than  twice  to  see  things  as  the  draftsman  wants  him  to?  Of 
course,  a  written  direction  can  Bometlmes  be  read  differently  by  two 
men,  eacb  giving  It  a  meaning  of  his  own,  but  If  the  sentences  are  clear 
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and  concise,  as  all  .technical   writing  should  be,   there  is  not  much 
chance  tor  trouble  here.* 

Tabulating  DtmanBiona  of  Tools. 
Fig.  6  shows  an  idea  uhich  will  be  very  acceptable  to  all  tool  design- 
ing rooms,  and  also  to  all  regular  drawing  rooms  making  tool-room 
drawings.  The  foreman  of  the  tool-room  wants  sketches  of  a  number 
of  sizes  of  counterborea,  having  various  sizes  of  pilots,  and  all  fitting 
the  same  spindle.  To  save  time  In  drawing,  tracing,  and  blue-printing, 
rule  up  a  sheet,  as  shown  In  the  engraving.  AD  dimensiona  which  are 
constant,  are  given  In  their  proper  places  on  the  drawing  itself,  while 
all  those  which  differ  for  different  sizes  are  Indicated  by  letters,  and 
tabulated.  Vacant  columns  are  left  In  the  table  of  dimensions,  and 
the  tool-maker  foreman  con  now  supply  the  required  figures  for  any 
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new  elzes  he  wishes  to  inake,  and  turn  the  print  over  to.  his  workman 
vitbout  waiting  for  another  sketch.  This  Idea  can  be  used  for  a  great 
variety  of  tools  and  flxturea,  and  we  find  it  a  sreat  saver  of  time. 

A  sTBtem  that  In  some  respects  Is  even  better  than  the  one  mentioned 
above  Is  in  use  In  some  draftlus-rooms.  Instead  of  Inserting  letters 
for  variable  dimensions  and  tabulating  them,  the  spaces  where  the  vari- 
able dimensions  are  to  be  given  are  marked  on  the  tracing  with  circles 
filled  In  with  India  Ink,  thus  producing  on  the  blue-print  a  white  spot 
on  which  the  dimensions  can  be  conveaientlr  and  plainly  filled  In  with 
Ink.  The  work  of  filling  In  the  dimensions  on  the  various  blue-prints 
Is  hardly  more  than  that  of  tabulating;  but  the  advantflge  gained  of 
tiavlng  one  distinct  blue-print  for  each  tool  aids  greatly  In  preventing 
mistakes  in  the  sbop,  due  to  reading  the  dtmensiosH  wrong  In  the 
table. 

Method  of  Enlarging  or  Reducing  Drawings. 

Very  often  It  Is  desired  to  reduce  or  enlarge  drawings,  scroll  designs, 
letters,  maps,  etc.  This  can  be  done  to  scale  or  by  proportional  di- 
viders, but  perhaps  the  simplest  and  quickest  method  is  as  shown  in 
Fig.  7. 

Tlie  only  dimension  necessary  to  lay  off  Is  the  distance  shown  at 
AB  which  of  course  Is  the  dimension  desired  for  the  reduced  or  en- 
larged copy.  Fig.  7  shows  the  method  for  reducing  which  also  applies 
for  enlarging.  It  will  be  noticed  that  large  and  small  rectangles  are 
drawn  with  a  diagonal  line  through  each,  and  to  these  lines  points  are 
projected,  and  from  there  to  the  space  where  the  copy  la  desired.  The 
intersection  of  these  lines  are  points  of  the  copy. 

Fig.  8  shows  line  C  reversed  from  that  shown  In  Fig.  7,  which  causes 
the  copy  to  become  reversed.  This  is  especially  convenient  where  it 
Is  desired  to  obtain  a  right  and  left  view  of  any  object,  in  making  the 
third  view  of  an  object  when  detailing  It  Is  more  convenient  to  plot  It 
as  shown  in  Fig.  9  than  by  the  usual  method  of  scaling  each  dimension 
as  It  can  be  done  much  quicker  and  with  less  chance  of  error.  The 
diagonal  line  should  of  course  be  at  45  degrees  In  this  case.  In  actual 
use,  dashes  cutting  the  diagonals  are  sufficient,  Instead  of  the  construc- 
tion lines  shown  in  the  engravings. 

Titles  and  Border  Ltnee  on  Drawings. 

To  be  complete,  a  title  for  a  drawing  should  Include  in  order  of  im- 
portance: 

1.    The  name  of  the  machine  to  which  it  belongs. 

3.    The  shop  symbol  for  the  machine,  If  any. 

3.  If  not  an  assembly  of  the  whole  machine,  the  name,  if  there  Is  a 
commonly  used  one,  of  the  principal  parts  shown,  as: 

16-Incii  Enoine  Lathe. 
Compound  Rest. 

4.  Th«»ota.         Auembly. 

Assembly  Detail. 
Details, 
according  to  which  It  Is. 
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5.    Name  of  firm. 

€.    Date  wben  tintshed. 

7.  Name  or  tnltiala  of  designer  and  draftsman  and  any  other  person 
who  Is  responsible  for  the  drawing.  The  flret  five  Items  above  must 
be  drawn  In  beary  tri>e,  large  enough  to  be  Instantly  read.  The  taBt 
two  will  meet  all  requirements  If  they  are  simply  legible. 

Where  parts  are  numbered  or  lettered,  It  would  be  a  great  conveni- 
ence if  alhngslde  or  Just  over  the  title,  on  a  detailed  drawing,  a  list  of 
the  parts  wblch  are  shown  on  the  Ebeet  were  given. 

The  length  of  time  to  be  allowed  for  making  the  title  and  border 
lines  depends,  one  might  say,  on  about  the  same  condition  that  a  man's 
dress  does.  Border  Hues  correspond  to  collars  and  cutts  and  title  to 
clothing  In  general.  So  we  would  no  more  leave  a  drawing  without 
a  title  than  we  would  go  naked;  but  on  the  other  hand,  for  shop  use  we 
would  hardly  dress  our  drawing  up  as  for  a  reception.    So  for  shop 


.    ObUUBlnB  ■  Third  VlMr 


drawings,  leave  out  border  lines  altogether  and  put  in  the  title  on 
hand,  being  certain  that  It  Is  clear  and  legible  and  always  In  the  same 
comer  of  the  sheet  as  the  drawlngB  lay  in  the  drawer.  But  If  the 
drawing  <b  going  out  to  help  sell  a  machine,  have  a  neat,  clear  title  and 
a  plain,  medium  border. 

Pattern -Makers  Blue-PrliitB. 
There  is  a  chance  for  Improvement  In  most  drafting-rooms  over  the 
method  which  Is  in  vogue  regarding  furnishing  the  machine  depart- 
ment with  a  print  containing  many  dimensions  which  do  not  in  any 
way  concern  It,  but  which  are  used  by  the  patternmaker  only.  Wben 
the  pattern  has  been  made  and  castings  made  from  It,  and  finally, 
when  the  machine  is  finished  and  no  alterations  are  to  be  made  on  the 
pattern,  the  pattern  dimensions  should  be  omitted  from  the  machine 
■hop  print  It  JB  sometimes  customary  to  make  two  tracings  to  accom- 
plish this  it  the  piece  is  complicated,  such  as  machine  beds,  etc.,  j 
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tbe  following  metbod  bas  tbe  advantage  of  requiring  but  the  one  trac- 
ing. A  flnlabed  tracing  Is  made  containing  all  dimensione  botb  for 
the  patternmaker  and  machinist.  The  dimensions  for  the  machinist 
are  Ibkcd  In  as  usual,  but  tbe  pattern  dimensions  are  put  in  with  a 
soft  lead  pencil.  Several  prints  are  taken  from  tbe  tracing  while  In 
this  condition,  one  tumlsbed  the  pattern  shop  and  as  many  filed  away 
as  desired.  The  lead  pencil  dimensions  are  then  erased  and  tbe  trac- 
ing Is  ready  tor  making  prints  for  tbe  machine  abop.  In  this  way  the 
patternmaher  can  readily  understand  and  pick  out  bis  figures,  and  tbe 
machine  shop  print  Is  kept  treti  from  unimportant  dimensions  which 
ofttlmes  cause  considerable  trouble. 

Making  Blue-prints  ft-om  Typewritten  OrlslDals. 

It  Is  possible  to  make  good  blue-prints  from  typewritten  originals,  if 
one  prepares  the  original  properly.  What  le  desired  is  B  sharp,  block 
copy  that  will  make  a  good,  clear  blue-print,  and  the  method  of  making 
these  originals  is  as  follows: 

Upon  a  sheet  of  copy  paper  such  as  used  for  manifolding,  lay  a  sheet 
of  carbon  paper  face  up;  take  a  piece  of  tracing  paper  and  lay  It  on 
tbe  carbon  paper  and  put  them  In  the  typewriter  In  this  order  so  as  to 
write  on  the  tracing  paper.  This  will  give  a  copy  on  the  front  and 
back  of  the  paper  that  will  be  strong  enough  to  take  blue-prints  from 
If-  the  following  iB  closely  observed.  A  good  black  ribbon  Is  required, 
a  new  one  If  possible,  bat  do  not  use  one  that  has  been  used  for  any 
length  of  time  and  that  will  not  strike  up  a  good  sharp  black  letter: 
a  good  carbon  paper  Is  also  required.  TJse  a  new  sheet  every  time,  bo 
as  to  get  a  good  uniform  letter;  the  carbon  sheet  can  then  be  used  on 
regular  manifold  work  so  that  nothing  Is  lost  by  it.  The  paper  used 
for  backing  Is  the  regular  copying  paper  used  for  manifolding,  but 
this  is  Immaterial  and  can  be  m^e  to  suit  different  machines.  Tbe 
best  paper  for  the  original  Is  a  good  tough  grade  of  thin  tracing  paper, 
such  Keuffel  &  Elsser's  "Series"  brand,  which  takes  tbe  ink  and  carbon 
well  and  from  which  mistakes  are  easily  erased  without  damaging  the 
paper.  As  regards  carbon  paper  that  will  give  a  good  black  uniform 
impression,  the  "Pilot"  brand  from  the  United  Carbon  Company  suits 
this  purpose  exactly. 

In  making  erasures,  use  a  soft  rubber,  as  an  Ink  eraser  will  rough 
up  the  surface  of  tbe  paper,  and  when  the  character  Is  struck  over,  it 
will  smut.  To  correct  mistakes,  turn  up  the  paper  and  place  at  the 
back  some  smooth  object  (say  a  piece  of  glass  or  a  celluloid  triangle) 
and  erase  on  the  face,  then  place  it  on  the  face  and  erase  on  tbe  back; 
the  desired  character  can  then  be  struck  In. 

Two  photographic  reproductions,  slightly  reduced,  are  shown  In 
Fig.  10  of  a  small  typewritten  original,  front  and  back,  and  the  fact 
that  It  reproduces  in  this  manner  clearly  is  a  guarantee  that  it  will 
blue-print  well,  provided  tbe  writing  Is  done  on  transparent  paper 
snob  as  any  good  tracing  paper  or  cloth. 

To  Hake  Blue-prints  from  Heavy  Drawtng'-paper  Originals. 

Oftentimes  a  draftsman  finds  It  advisable  to  make  blue-prints  of 
cuts  and  drawings  of  which  he  may  have  a  cop;  on  printing  pape^4^>OQlc 
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heavy  drawing  paper,  etc.  This  1b  a  long  and  tedious  operation  If  con- 
ducted fn  the  usual  manner,  but  iC  the  sheet  to  be  printed  1b  first 
given  an  application,  or  "coat,"  of  gasoline  or  benzine,  on  the  face  Bide, 
and  then  printed,  the  result  will  be  better  and  more  quickly  obtained 
tban  In  tbe  ordinary  way. 

The  benzine  will  evaporate  very  quickly  and  leave  the  original  In  as 
good  a  condition  as  before  the  print  was  taken.  Care  should  be  taken 
that  too  much  benzine  Is  not  used  as  It  might  spot  the  original  if  tbe 
blue-print  solution  were  to  be  reached  by  any  great  quantity  of  ben- 
zine. The  writer  bas,  however,  never  experienced  this  difficulty,  al- 
though many  printB  bave  been  made  by  this  method.* 
Patcblng  Drawings. 

It  1b  tbe  opinion  of  a  great  many  draftsmen  that  one  can  obtain  a 
more  accurate  drawing  In  less  time  with  a  good  grade  of  bond  paper 
(say  "crane"  or  any  other  good  bond,  about  No.  18),  than  on  tracing 
cloth;  and  if  bought  in  large  quantities  the  maker  will  tint  this  paper 
a  soft  color  that  ts  pleasing  to  the  eye.    The  drawing  Is  Inked  In  on 

This  is  a  sample  and  ia  on  "Saries  Papar" 
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this  paper  and  good  blueprints  can  be  made  from  It.  When  making  a 
drawing  upon  which  a  great  deal  of  time  Is  to  be  spent,  such  as  the 
design  of  a  new  machine,  tbe  paper  1b  dampened  and  tbe  edges  are 
glued  to  tbe  drawing  board.  When  dry  it  presents  a  surface  which  Is 
smooth,  and  which  Is  not  affected  by  any  atmospheric  changes  and 
moisture  that  buckle  and  wrinkle  any  drawing  paper  under  ordinary 
conditions.  When  maklDg  changes  on  these  drawings  a  great  saving 
Of  time  comes  in  over  tracing  cloth.  The  pieces  or  parts  to  be  changed 
are  cut  out  and  a  new  piece  ia  pasted  in  and  redrawn.  The  draftsmen 
soon  get  so  expert  at  this  that  a  piece  l'^  inches  square  can  be  cut  out 
and  pasted  In  in  less  time  than  It  could  be  erased  on  tracing  clotb. 
The  piece  to  be  changed  is  first  squared  off  and  cut  out  with  a  knife. 
This  Is  then  laid  over  another  piece  3-32  or  >^  inch  larger  than  the 
piece  that  has  been  cut  out  and  the  edges  are  glued  all  around  with 
ordinary  library  paste;  It  is  then  pasted  on  the  reverse  side  of  the 
drawing.  Fig,  11  shows  an  Interesting  case  as  far  as  the  number  of 
patches  Is  concerned.     Of  course  the  blue-print  will  be  rather  light 
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around  the  edges  of  the  patch,  but  tbia  only  ladicatee  to  the  shop 
where  the  changes  have  been  made,  and  is  rather  an  advantage  than 
otherwise.  The  engraving,  Fig.  11,  referred  to,  is  a  half-tone  reproduc- 
tion of  a  discarded  drawing  on  bond  paper  patched  in  several  places 
from  time  to  time  as  changes  were  made.  The  work  is  so  neatly  done 
that  It  is  scarcely  discernible  save  when  held  between  the  eyes  and 
the  light.  For  this  reason  the  patched  effect  would  not  be  apparent 
In  the  cut,  so  each  patch  is  penciled  around  the  edge,  the  penciling 
being  about  the  same  width  as  the  lap,  which  is  only  about  1-16  inch 
In  most  cases. 

Another  method  used  In  another  large  drafting-room  engaged  In  ma- 
chine tool  design,  tn  which,  also,  bond  paper  drawings  are  largely  used, 
deserves  attention.  Here,  when  drawings  have  to  be  patched,  a  Sheet 
of  clean  paper  is  laid  under  the  affected  portion,  wblcli  Is  removed  by 
cutting  with  a  sharp  knife.  The  knife  passes  through  both  sheets  of 
paper,  thus  providing  a  patch  to  flll  the  opening  at  the  same  time.  To 
fasten  this  to  the  main  body  of  the  drawing,  a  piece  of  transparent 
paper  spread  with  clear  mucilage  is  used,  it  the  patch  Is  small.  If  of 
considerable  size,  the  Joint  is  neatly  covered  with  thin  strips  of 
gummed  transparent  paper  about  >^  Inch  wide. 

The  advantage  of  this  method  Is  the  smoothness  of  surface  produced. 
Tbe  patch  Is  flush  with  the  main  body  of  the  drawing  paper  and  the 
drawing  Instruments  pass  over  the  Joint  between  the  old  and  new  por- 
tions without  dlfScuIty.  It  would  be  especially  useful  In  cases  where 
alterations  are  made  on  thick  drawing  paper.  When  neatly  done  with 
a  sharp  knife,  tbe  joint  In  such  casfs  is  almost  invisible.  The  writer 
has  employed  It  on  tracings,  where  It  worked  very  well,  although  It 
has  been  found  that  ordinary  library  paste  is  not  permanently  effective 
in  making  the  Joint.    A  good  clear  mucilage  should  be  used. 
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DBAPTING-BOOM   KINKS. 

Ink  bottle  holders  of  various  deslgne  are  constantlr  appearing  In 
the  tecbntcal  press,  and  are  always  ot  Interest  to  drattemen.  Two 
typical  deslgne  are  here  shown,  which  will  bs  found  to  answer  the 
requirements  lor  eerviceabie  Ink  bottle  holders.  The  one  shown  In 
Fig.  ^12  iB  made  for  a  HlgglDB  drawing  Ink  bottle,  and  Is  cheap,  easy 
to  make,  light  and  neat,  and  will  not  tip  over  easily.  This  construc- 
tion does  away  with  toothpick  wedges  and  strips  of  paper  to  keep  the 
bottle  tight.  The  round  piece  fitted  in  the  bottom  Is  held  with  four 
No.  4  wood  screws,  one  Inch  long.    If  the  bottle  doea  not  fit  tightly. 


put  a  piece  of  card  underneath.  Any  pattern-maker  can  turn  out  a 
holder  of  this  description  In  a  short  time,  and  with  a  coat  of  shellac  It 
makes  a  very  presentable  appearance.  The  straight  grooved  sWes 
make  It  easy  and  aafe  to  handle.  Three  or  four  i^-lncb  holes  la  the 
bottom,  with  old  lead-pencil  rubbers  forced  In,  wilt  make  It  non-sllp- 
plng.' 

Fig.  13  showB  another  type  of  Ink  bottle  holder,  used  to  advantage 
In  some  drafting- room  a  This  serves  a  two-fold  purpose,  t.  e..  to  pre- 
vent spilling  the  ink,  and  also  as  a  paper  weight,  which  explains  the 
thickness  of  metal  used  In  the  construction.  The  wood  screws  are 
screwed  down  just  tight  enough  to  make  the  heads  a  good  sliding  Ot 
on  the  Sange  of  the  brass  case,  and  when  It  Is  desired  to  remove  the 
bottle,  the  case  is  slipped  around  until  the  heads  of  the  screws  come 
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Into  the  large  diameter  holes,  when  the  case  can  be  remoTed  from  the 
oak  bottom.* 

Be-rolUng  Tracing  Clotb  to  Prevent  Curling. 

A  problem  all,  or  nearly  all,  draftsmen  are  troubled  with  te  the 

curling  up  at  the  edges  of  tracings,  when  filed  away  In  drawers.     It 


seems  almost  Impossible  to  make  them  lie  flat,  and  when  put  Into  the 
printing  trame,  the  edges  get  folded  down  and  make  bad-looking  edges 
on  the  print  Not  very  many  draftsmen  like  to  use  the  dull  side  of 
the  tracing  cloth,  although  the  drawings  made  on  this  side  will  keep 


Flfl,  14.    ntrMtlODB  R>r  R>-roU1iiB  TtkoIdb  CaoUi. 

flat  much  better  than  when  the  glazed  side  Is  used.  The  trouble  with 
this  curling  up  of  the  cloth  is  due  to  the  fact  that  when  manufactured, 
the  cloth  Is  rolled  with  the  glossy  side  as  the  concave  side,  as  shown 
in  Fig.  14.  which,  of  course,  makes  It  curl.  To  overcome  this,  re-roll 
the  cloth,  putting  the  dull  side  in,  and  leave  It  lying  for  a  month  or 
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so  before  using.  It  will  be  found  tbat  tbere  ts  a  great  improvement, 
anil  that  the  drawings  made  on  the  glossy  side  are  now  curled  down 
on  the  edges  rather  than  up.  It  one  should  make  some  sort  of  a  re- 
winding device  for  tbat  purpose,  it  would  be  found  to  be  wortb  tho 
trouble. 

CttUulold  Templets. 

A  very  handy  templet  for  drawing  small  curves  and  circles,  wbere 

great  accuracy  Is  not  required,  may  t>e  made  with  a  piece  of  thin 


Pig.  15.    CMUolold  T*mplM  ftir  i 

celluloid.  The  templet.  Fig.  15,  is  about  0.01  inch  thick,  and  Is  a  dark 
red  tint,  which  is  preferable  to  white.  The  circles  are  scratched  deeply 
with  bow  dividers  on  one  side,  the  center  pushed  through,  and  the 
same  done  on  the  other  side  until  the  piece  can  be  broken  out.  By 
lightly  scratching  the  center  lines  just  beyond  the  outside  of  the  clrcl« 


before  the  center  Is  removed,  the  hole  can  be  located  on  center  lines. 
On  the  edges,  and  particularly  at  the  cornerB,  are  parts  of  circles  with 
the  center  left  and  enlarged  enough  for  the  pencil  point  to  go  through 
to  mark  It,  Sizes  may  be  Indicated  by  numberB  giving  the  thirty- 
seconds  of  Inch  diameter.  The  holes  should  be  cut  slightly  large  to 
allow  tor  the  pencil  point;  outside  curves,  slightly  small  for  ths  same 
reason.  Similar  templets  may  be  made  for  the  Irregular  shapes  which 
are  mucb  used.* 
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Templet,  for  Drawing  UMoUne  Sandles. 

Tbe  drawing  of  macblne  handles  may  be  factlitated  very  much  by 
the  aid  oC  aVellutold  templet  as  shown  in  Fig.  16,  If  there  Is  a  form- 
ing tool  for  each  size  of  handle  It  IB  an  easy  matter  to  make  the  tem- 
plets, and  thereby  have  the  drawings  the  same  outline  as  the  formers. 
If  filed  out,  the  outline  a  of  tbe  lower  half  of  the  handles  Is  scratched 
on  tbe  templets  and  ia  filled  In  wltb  black  wax. 

Templet  tbr  Dra-wlng  Nuts  and  Bolt  Heads. 

A  very  handy  templet  (or  drawing  nuts  and  bolt  heads  can  be  made 
aa  shown  in  Fig.  17.  It  Is  made  of  thin  transparent  celiuioid  and 
facilitates  what  ia  perhaps  the  most  commonly  repeated  work  to  be 
done  on  a  drawing.    Lines  are  ruled  on  the  templet,  which,  when 


used,  are  placed  over  the  center  line  on  the  drawing,  and  the  curved 
octllnes  can  then  be  drawn. 

Erasing  Shield.  i 

As  an  erasing  shield  nothing  Is  equal  to  a  very  thin  piece  of  sheet 
Bteel  wltb  slota  cut  with  a  small  cold  chisel  and  filed  smooth.  It 
should  be  about  0.003  thiclt.  The  slots  will  not  wear  perceptibly  large 
during  many  years  of  use.* 

A  Celluloid  Protector  tor  Drawings. 

It  Is  a  well-known  fact  that  In  laying  out  and  designing  any  mech- 
anism of  a  complex  nature  several  erasures  occur  which  roughen  tbe 
surface,  and  the  paper  then  becomes  dirty  much  quicker  than  otherwise. 
Assuming  that  the  upper  right  or  left  corner  of  a  sheet  has  a  side 
▼low  which  has  been  worked  on  for  several  days,  and  it  Is  now  re- 
quired to  draw  a  front  view  of  the  same  object,  It  Is,  of  course,  neces- 
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sarr  to  transfer  the  center  liuee,  make  comparlaooB,  take  off  measure- 
ments, etc.,  from  the  aide  view,  and  tor  this  reason  It  Is  certainly  proper 
to  have  the  aide  view  constantly  In  sight. 

To  cover  the  part  already  finished  with  a  piece  of  paper  is  all  right 
In  Its  way  and  Is  better  than  nothing,  but  It  Is  annoying  to  always 
have  to  lift  the  pa[>er  covering  In  order  to  see  the  sketch.  This  trouble 
may  be  overcome  In  a  very  simple  manner;  the  covering  consists  of  a 
sheet  of  celluloid  (the  tblnneBt  transparent,  atxiut  0.010  inch  thick) 
which  will  cover  one-half  of  the  drawing.  The  price  of  Buch  a  sheet, 
in  this  case  about  12  X  IS  Inches,  Is  only  50  cents,  and  It  will  save  iu 
cost  over  and  ovm'  again.  It  Is  self-evident  that  by  using  this  sort  of 
shield  the  T-eguare  In  sliding  across  the  sketch  covered  cannot  injure 
It,  and  furthermore,  If  the  celluloid  Is  bent  at  Its  lower  edge  as  Indi- 

T»iiiii»Tk»j  VtnmlDnwIinemmdwItliBimU 
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cated  In  Fig.  18  and  a  single  thumb  tack  used  at  the  upper  end  It  is 
an  easy  matter  to  shift  the  shield  from  left  to  right  or  vice  versa.  If 
it  should  be  necesaary  to  get  at  both  views  occasionally  it  Is  not  even 
necessary  to  remove  the  tack;  simply  lift  the  T-square  and  swing  the 
celluloid  shield  so  It  hangs  down  from  the  Iiack  of  the  drawing  board. 

It  Is  a  pleasure  to  work  on  a  drawing  with  a  shield  of  this  descrip- 
tion as  the  lines  can  be  seen  practically  as  well  through  the  shield 
a3  i(  it  were  not  there;  likewise  measurements  can  be  very  readily 
taken  off.' 

Hanger  for  Beference  Drawinffs. 

It  Is  very  often  that  a  draftsman  Is  required  to  use  another  drawing 
tor  reference  which  he  must  continually  consult,  and  if  it  is  a  lai^e 
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sized  drawing  it  ts  generally  kept  on  the  consulting  table  beside  his 
drantng  board.  This  compels  htm  to  keep  forever  etretchlas  to  see  It 
or  constantir  getting  on  and  off  his  stool.  The  following  scheme  will 
prove  very  useful  tor  avoiding  the  dlfflculties  referred  to. 

Fig.  19  will  make  the  device  clear  without  much  explanatloo.  A  is 
a  plnefltich  %  Inch  by  1^<  inch  and  about  40  Inches  long.  Onto  this 
stick  are  screwed  three  ordinary  spring  clothes  pins.  Two  strings 
are  fastened  to  the  stick  and  pass  up  to  two  screw-eyes  placed  In  the 
celling  the  same  distance  apart  as  the  strings  on  the  stic^.  Two  more 
screw-eyes  are  placed  In  the  celling  near  the  wall,  or  any  out-of-the-way 
place,  and  through  these  the  strings  pass  down  to  a  weight.  The  holder 
Is  placed  parallel  to  the  drawing  board,  about  one  Inch  back  ol  it,  and 
holds  the  drawings  where  they  can  be  easily  referred  to  by  the  dratts- 


man  at  the  same  time  as  they  can  be  raised  or  lowered     to  suit  bis 
convenience.* 

A  TImB  Saving  Drafting  Ktnlc. 
A  great  saving  in  time,  which  even  well  systematized  drafting  rooms 
seem  to  overlook,  can  be  effected  by  putting  one  or  two  tracers  to  work 
cutting  up  a  quantity  of  standard  sizes  of  tracing  cloth,  drawing  the 
border  lines  around  them,  stamping  them  with  the  standard  marking, 
simply  leaving  out  the  name  of  the  piece,  date,  and  draftsman's  Initials. 
which,  of  course,  are  filled  In  when  the  tracing  Is  made.  This  saves 
every  man  going  and  cutting  up  a  piece  of  tracing  cloth  each  time  be 
Is  to  make  a  tracing.  It  makes  It  very  convenient  for  the  tracers,  as 
they  can  get  the  aize  sheet  they  want,  tack  It  down,  and  trace  in  the 
drawing  right  away,  without  bothering  with  cutting  to  size,  measur- 
ing the  outline,  and  putting  on  the  borders  and  title  stamp.  This  plan 
also  saves  a  great  deal  of  waste  of  tracing  cloth.** 
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Shading  Drftwlnffs. 
The  time  required  In  the  drafting  room  to  make  simple  shade  linen 
to  indicate  the  lower  and  rlKht-band  edges  of  eolldB  is  time  welt  spent. 
When  a  drawing  Is  properly  dimenaloned,  every  distance  that  the 
workman  will  need  to  know  being  given,  there  can  be  no  objection  to 
Buch  shade  lines  other  than  the  time  required  to  make  them.  The 
time  dwindles  into  insfgniflcance  when  the  clearness  and  attractiveness 
of  drawings  properly  shaded  Is  taken  Into  account.  The  drawing  that 
possesses  snap  and  lite  Is  an  inspiration,  and  it  Is  a  real  pleasure  to 
work  from  It.  The  unshaded  drawing  has  a  weakness  and  dullness 
that  Is  discouraging.  It  requires  more  mental  effort  or  concentration 
to  understand  It,  and  the  chances  for  error  of  interpretation  are 
greater  than  with  shaded  drawings.  Shade  lines  for  rounded  surfaces, 
however,  are  not  generally  desirable.  Unless  such  shading  Is  very  well 
done,  the  result  Is  decidedly  amateurish  In  appearance.    If  tt  Is  well 


Be,  pleasing  and  the  subject  stands  fortb 
e  very  special  cases,  It  should  not  be  fav- 


dcne  the  eltect  Is,  of  ci 
clearly,  but  unless  for  a 
ored. 
Basing  Draftaman'a  Protractor  Alcove  the  Surface  of  lb«  Drawing. 
Anyone  who  uses  a  Brown  A  Sharpe  draftsman's  protractor  Is  fami- 
liar with  the  way  It  soils  the  drawing,  when  put  to  any  extended  use. 
In  spite  of  the  utmost  care  on  the  draftsman's  part.  Fig.  20  shows  a 
good  scheme  (or  raising  the  surface  of  the  protractor  slightly  from 
the  drawing.  Four  steel  balla  are  made  a  press  fit  In  the  device  at 
about  the  posltlonB  shown,  the  balls  being  about  ^  inch  diameter, 
projecting  an  equal  amount  on  both  sides,  tbus  giving  the  same  results 
no  matter  which  side  of  the  instrument  Is  up.  This  addition  to  the 
Inslrument  In  no  way  affects  Its  accuracy,  and,  as  the  balla  bear  only 
on  four  points,  they  rub  less  dirt  Into  the  drawing  than  an  ordinary 

'  Tool  for  Spacing  Bolt  Holes. 
In  drawing  flanges,  cylinder  heads,  etc..  where  a  number  of  boles  are 
shown  on  a  given  pitch  circle,  it  ie  usually  desirable  to  have  them  lo- 
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CBted  correctly  on  the  drawing,  for  the  sake  of  appearance  at  least, 
even  If  not  really  importaat  otherwise,  and  tor  this  purpose  the  tool 
abown  In  rig.  21  was  designed.  It  Is  a  very  conTenlent  instrument, 
made  from  transparent  sheet  celluloid,  about  1/64  loch  thick.  The 
method  of  Drocedure  when  using  this  tool  is  to  draw  the  pitch  circle, 
and  then  place  the  Instrument  over  It,  with  the  point  A  on  the  center. 
One  point  of  the  dividers  Is  placed  on  the  line  A  0,  at  the  point  where 
It  Intersects  the  pitch  circle,  and  the  other  point  of  the  dividers  Is  set 
at  the  Intersection  of  the  pitch  circle  and  Che  radial  line  marked  with 
a  number  corresponding  to  the  required  number  of  holes  In  the  whole 
pitch  circle.  ThU  gives  the  correct  spacing  for  the  number  of  holes 
required.  If  reasonable  care  Is  used  In  the  construction  of  this  tool, 
It  will  be  found  to  give  very  close  results.  The  design,  of  course,  can 
be  varied  to  suit  special  requirements.    The  one  shown  In  Fig,  21  was 


on  the  circle  having  IS  Inches 
'B  with  a  needle  point  on  the 
rubbed  Into  the  scratches  so  as 


made  by  laying  oO  the 
radius,  and  scratching  the  radial 
celluloid,  after  which  drawing  ink 
to  make  them  Bbow  plainly. 

DroAlng  Tool  for  Sketching  Batchot  Teeth,  Etc. 
Fig,  S2  shows  an  extremely  useful  little  drafting  tool  which  any 
mechanic  can  make  In  a  short  time.  One  can  use  the  Blotted  blade 
from  a  Starrett  universal  bevel  (the  blade  which  has  the  ends  beveled 
to  30  and  60  degrees),  also  the  clamping  screw  and  nut.  The  other 
part  Is  made  from  a  piece*  of  3/4  X  1/16  inch  cold-rolled  steel  and  a 
piece  of  1/4  Inch  drill  rod.    It  Is  ueed  for  drawing  ratchet  teeth  or  any 
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8lm[lar  work.    If  one  hae  the  time,  a  cbuck  or  clamping  device  for 
holding  a  needle  point  might  be  made  instead  of  the  sotld  stem  and 


point  shown.    The  bevel,  without  this  attachment,  is  quite  bandy  in 
drawing  as  well  as  machine  worl(. 

Simple  Device  for  Drawing  BUlptlc:  Curves. 
Fig.  23  Is  a  simple  device  for  drawing  elliptic  curves  which  Is  not  ' 
without  interest  and  value.    It  has  the  merit  of  being  quickly  adjusted 


for  anr  required  major  or  minor  axes  within  the  limits  of  the  Instru- 
ment, but  has  the  defect  that  only  one-quarter  of  the  ellipse  can  be 
drawn  at  one  setting.    A  Is  a  straightedge  with  a  stop  or  projection  at 
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E.  B  and  C  are  slotted  rods,  each  having  tbe  lower  endB  truly  rounded 
to  perfect  aeml-circlea  for  tbe  obvloue  reason  that  any  other  shape 
would  distort  tbe  shape  of  tbe  curve.  The  rods  are  held  together  by  a 
Joint  similar  to  that  used  In  proportional  compasses,  that  Is,  tbs  Joint 
may  be  fixed  on  the  bars  in  any  required  proportion,  and  still  allow 
them  to  swing  on  the  joint  as  a  pivot.  At  P  is  the  holder  for  the 
pencil  or  scrlber,  and  this  also  is  adjustable  In  the  slot.  When  draw- 
ing an  ellipse,  the  distance  FP  is-made  equal  to  one-halt  the  desired 
minor  axis,  and  PDE  must  be  m^e  one-half  the  length  ot  tbe  major 
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axis.    Fig.  S3  shows  clearly  how  the  curve  ts  drawn,  and  it  will  be 
noted  that  a  short  section  of  the  quarter  ellipse'  must  be  drawn  in 
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free-hand,  since  the  pencil  at  P  will  Interfere  wltb  the  bar  C  when 
near  to  the  vertical  position.^ 

Uethod  of  Plotting  Curve  from  Inaccessible  Oenter. 
Two  pins  are  stuck  Into  the  drawing  board  at  the  end  of  the  required 
curve,  and  a  piece  ot  pastelward,  A,  Fig.  24,  Is  cut  so  that  the  exterior 
angle  BCD  Is  one-half  that  ot  the  required  arc.  Thus.  If  tbe  angle  sub- 
tended at  the  center  Is  40  degrees,  angle  BCD  would  be  20  degrees.  To 
lay  off  the  curve,  the  pasteboard  is  pressed  against  the  pins,  as  shown 

Ac 
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in  the  Bketcb  and  the  points  o(  the  curve  are  marked  off  from  vertex  C. 
The  shade  lines  show  the  position  ot  the  pasteboard  templet,  and  the 
dotted  lines,  other  positions  that  It  occupies  as  the  points  are  laid 

Drawlns  Board  and  T-8QU»r«  wltb  Magnetic  Attoobment. 
Ad  English  noveltr  in  drafting  room  appliances,  shown  in  Fig.  25, 
Is  a  T-square  having  a  number  of  small  horseshoe  miignets  mounted  ' 
in  the  bead  and  so  arranged  titat  their  poles  come  in  contact  with 
an  iron  strip  attached  to  the  left-hand  end  of  the  board,  the  Idea  being 
t)  hold  the  T-square  to  Its  right-angle  position,  by  magnetic  attraction 
alone.  This,  ot  course,  allows  the  draftsman  to  use  both  bands  at  his 
work  more  advantageouslr.  The  magnets  are  said  to  oppose  little  re- 
sistance to  movement  of  the  blade  to  any  position  parallel  wltb  Its 
normal  position,  but  considerable  force  is  required  to  displace  the 
blade  from  ifs  right-angle  position.    A  drawing  board  wltb  this  attach- 
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ment  may  be  used  In  a  vertical,  sloping  or  horizontal  position  with 
equal  facility. 

To  Construct  a  Curve  by  Points. 
Fig.  26  and  the  accompanying  description  will  be  found  useful  for 
laying  out  a  circular  curve  having  an  inaccessible  center  or  one  whose 
radius  Is  too  long  to  be  accommodated  on  the  drawing-board.  When 
fhe  radius  r  Is  given,  and  any  cord  1  Is  assumed,  to  construct  a  curve 
by  points,  proceed  as  follows:  First  find  x  by  formula  in  Fig.  26,  Draw 
line  CD. 'and  at  right  angles  to  !t  the  line  ED  ^  I.  Through  E  draw 
the  perjiendicular  EF,  and  make  !t  equal  x  (marking  the  first  point  in 
the  curve)  at  F.  Join  FD  and  bisect  it  in  O;  through  O  draw  the 
perpendicular  Off,  Intersecting  the  line  ED  in  H,  and  through  F  and  H 
draw  the  indefinite  line  HFH'E',  making  FB'  equal  to  J.  Erect  the 
perpendicular  E'F'  equal  to  x.  and  locate  F'.  which  is  the  second  point 
of  the  curve;  proceed  In  the  same  manner  for  other  points  of  the  curve 
desired.* 

Stamping  Tracings. 

To  Ktamp  names  or  headings  on  tracing  cloth,  use  a  rubber  stamp 
with  (he  ordinary  red,  blue  or  green  Ink  found  in  Ink  pads.    Before 
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the  Ink  hms  a  cbance  to  dry,  aprtnkle  lamp-black  over  It,  using  an  Insect 

powder*  sprajer  tor  the  purpose.    When  dry,  brush  btf  with  a.  piece  ot 

cbamots  skin.    Stamping  done  In  this  manner  will  be  tound  light-proof. 

Pencil  Sharpener. 

Fig.  27  represents  a  pencil  sharpener  or  pointer.  As  seen  Irom  the 
Illustration,  It  conslBta  of  a  piece  of  thin  spring  brass  bent  to  the  form 
shown  and  fastened  under  the  table  near  tbe  edge  by  two  round-head 
wood  screws.  The  sandpaper  Is  held  between  tbe  table  and  the  brase 
spring.  To  sharpen  the  lead  of  tbe  pencil,  slip  the  point  between  the 
leaves  of  the  sandpaper  and  move  it  back  and  forth.* 
Uaktnv  Blua-Pilnta  Without  a  Frame. 

Blue-prints  of  small  size  can  be  made  fairly  conveniently  without  a 
blue-printing  frame.  An  ordinary  window  can  be  used  it  tbe  sun 
shines  through  It,  and  a  blue-print  can  he  qiade  In  any  window.  An 
ordlqary  thick  bath  towel  Is  placed  bebtnd  the  print,  the  tracing  being 
placed  against  the  glass.  The  towel  should  be  folded  Into  two  or 
three  thfcknesses  and  arranged  so  that  no  wrinkle  or  uneven  part  lies 
against  tbe  prlnL  A  small  drawing  board  may  then  be  placed  against 
the  towel,  but  It  Is  better  to  tack  tbe  towel  at  its  comers  to  the  board. 


It  is  also  advisable  to  attach  the  tracing  to  the  printing  paper  by  small 
gummed  stickers,  to  keep  them  In  the  proper  position  and  to  prevent 
sUdlns.  Ordinary  stickers  cut  Into  narrow  strips  will  be  sufficient, 
and  need  engage  only  a  narrow  surface  on  both  the  paper  and  the 
tracing,  to  serve  the  purpose.  The  print  can  then  be  frequently  looked 
,  at  without  disturbing  the  relation,  and  can  be  easily  torn  off  without 
Injuring  It  or  the  tracing.  Fragments  of  tbe  stickers  are  easily  scraped 
off.  The  printing  paper  and  tracing  can  be  held  by  a  blank  projecting 
edge  against  the  window  while  tbe  towel  and  board  are  being  pressed 
against  them.  Any  suitable  means  for  holding  the  board  In  place  may 
be  used. 

Another  improTtsed  printing  outfit  used  by  the  writer  consists  simply 
In  spreading  the  towel  evenly  upon  the  floor  where  the  sun  can  strike 
It.  placing  the  printing  paper  and  tracing  upon  it,  and  then  merely 
covering  these  with  a  thick  plate  of  glass.  When  first  laid  down,  the 
glass  may  be  pressed  downward  with  considerable  pressure,  after  which 
Its  weight  alone  will  be  sufficient  to  keep  tbe  paper  smooth.  This  will 
be  the  case  it  two  or  three  thicknesses  of  bath  towel  are  used.  Tbls 
plan  works  perfectly  for  sheets  ID  X  16  Incbes  and  below.  Larger  prints 
conld  doubtless  be  made  In  this  way  if  weights  were  put  upon  the 
comers  ot  the  glsss. 

*John  B.  Speriy,  Anrora.  IIT..  Octab«r,  IWW.  ,->      i  . 
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Another  very  practical  way  ot  making  email  prints  la  to  use  a  smooth 
board  with  a  slightly  curved  face.  A  tack  placed  in  each  comer  of 
the  treeing  and  print  will  cause  them  to  snugly  lie  against  the  curred 
■urface  of  the  board,  malting  a  sharp  and  clear  print  No  glass  ia 
needed.* 

A  Blne-Printlnff  Kink. 

tn  the  winter  months  It  is  hard  to  Judge  the  time  required  to  make 
sunlight  blue-prints,  and  It  is  a  very  good  Idea  to  make  a  scale  ot 
colors  with  which  to  compare  a  test  piece  ot  paper.  Take  a  piece  ot 
biue-prlnt  paper  four  Inches  wide  and  ten  inches  long.  Cover  ail  but 
one  Inch  with  a  heavy  piece  of  paper.  Expose  this  one  Inch  for  say 
one  minute  in  a  mild  light,  then  move  the  cover  so  as  to  expose  one 
Inch  more  for  one  minute,  which  exposes  the  first  Inch  two  minutes, 
and  BO  on,  inch  by  Inch,  until  all  ten  inches  have  been  exposed,  and 
the  first  division  has  been  exposed  ten  minutes,  which  In  this  light, 
tor  instance,  produces  a  perfect  print  Now  wash  the  paper 
thoroughly,  and  when  dry  you  have  a  scale  with  which  to  compare 
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other  prints.  Figure  out  the  relative  times  that  would  have  been 
required  to  bring  each  color  to  a  perfect  blue-print,  by  dividing  the 
whole  time  by  the  time  exposed,  and  mark  this  number  on  the  color, 
this  number  to  be  used  as  a  multiplying  factor.  Now,  in  order  to 
get  a  perfect  print,  put  out  the  tracing  you  wish  to  copy  with  a  small 
piece  of  blue-print  paper,  and  leave  It,  say  two  minutes,  until  It  would 
be  printed  some,  but  not  enough.  Then  wash,  dry  with  blotters  and 
compare  with  the  scale  sheet.  Say  It  was  like  the  fourth  color  from 
the  bottom.  The  factor  would  be  2^.  Multiplying  this  by  the  two 
minutes  equals  five  minutes,  the  time  required  to  make  a  perfect  print 
In  that  light.     I  am  pleased  with  the  uuiform  results  obtained.** 

The  LlrbtlDff  of  DraftlDK-Boome. 
The  lighting  ot  drafting-rooms  is  a  subject  often  discussed  without 
reaching  a  satisfactory  conclusion  for  all  cases;  each  one  must  neces- 
sarily be  governed  by  local  conditions.    The  apparatus  described  in  the 
following  is  cheap  and  elBctent,  and  tor  artificial  Illumination,  when 
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e)ectricit7  la  to  be  used,  has  proved  to  be  entirely  satisfactory  In  actual 
practice.  ReferrluB  to  the  Illustration,  Fig.  28,  the  shade  A  was  made 
ot  tin,  painted  dark  Kreen  outside,  and  white  Inside,  through  wblcli 
was  pasted  a  pipe  B  with  T-connectlons  at  lamps  C.  The  wirea  D 
were  drawn  tbrough  the  pipe  and  connected  with  ordinary  16-caudle- 
power  Incandescent  lamps  which  were  fastened  at  theoe  T-connectlons. 
The  whole  thing  was  suspended  from  the  celling  by  cords  E  drawn 
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over  pulleys  F.  The  cords  were  attached  to  the  counter-Iiaiance  0, 
and  to  the  sjiade  as  shown,  sJlowing  the  lights  to  be  raised  entirely 
out  of  the  way  when  not  required,  or  lowered  directly  over  each  board' 
sufflciently  to  shield  the  eyefl  of  the  draftsman  and  reflect  the  light 
over  the  entire  board.  The  length  and  number  ot  globes  will,  of 
coarse,  depend  upon  the  length  of  board. 

This  arrangement  may  he  modlOed  to  meet  the  requlremeDts  of  the 
more  refined  tastes  willing  to  nay  for  elaborate  furnishings.    How- 


Ordliurj  S< 


V  DlTldUw  Dlmni 


ever,  the  leading  features  should  remain  the  same;  A  suspended  indl- 
vidtial  light  of  wide  range,  adjustable  tor  height,  while  permitting  the 
tnll  awing  ot  beam  compasses  or  drafting  machine,  without  encounter- 
ing anpporting  brackets.  It  casts  no  shadows  and  protects  the  eyes  of 
the  worker  at  the  board. 

Draver  far  Drawlogs. 
A  simple  and  cheap  method  of  making  drawings  lie  flat  in  drawers 
Is  shown  in  Fig.  29.    U  consists  ot  three  blocks  t>  fastened  to  the  In- 
side ot  the  front  of  the  drawer,  a  back  top  c,  and  three  slats  a,  which 
are  slipped  in  under  c  and  b.    These  slats  keep  the  drawinga  from 
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cnrllDg  up  and  catching  In  the  drawer  case.    B7  uelng  a  drawer  of 
tblB  description,  the  capacity  Is  increased  from  tbree  to  four  times* 
The  Use  of  the  Ordinary  Bula  for  Dividing. 

The  operation  of  dividing  a  line  into  anj  number  of  equal  spaces  Is 
a  very  simple  one,  and  one  of  the  first  exercises  In  geometry,  but  how- 
ever familiar  men  might  be  with  its  execution,  one  rarely  uses  t£e  rule 
for  thL'  purpose.  When  It  Is  required,  for  tnatance,  to  draw  a  certain 
number  of  lines  or  a  certain  number  of  threads  per  inch,  in  a  given 
apace,  sometimes  the  length  of  the  single  spaces  will  be  figured,  or  a 
diagonally  drawn  line  will  be  spaced  oft  with  the  dividers  and  the 
spaces  transferred  with  the  triangles. 

The  shortest  way  is  to  use  the  ordinary  or  draftsman's  scale.  Use 
the  graduation,  nearest  suitable  to  the  eye,  place  the  sero  mark  on  one 
end  of  the  space  to  be  divided,  and  the  number  corresponding  to  the 
parts  required  on  the  line  marking  the  end  of  the  space,  or  its  con- 
tinuation, mark  off  points  at  every  graduation,  and  with  triangle  or 
T-square  draw  parallel  lines  through  these  points,  as  shown  tn  Fig.  30. 
At  the  left  Is  shown  two  lines,  the  distance  between  which  Is  to  be  di- 
vided Into  17  equal  parts.  In  this  case  the  regular  scale  of'an  ordinary 
rule  Is  used;  after  the  points  are  marked  oft.  parallel  lines  are  drawn 


through  them.  This  use  of  the  rule  for  dividing  without  going  to  the 
trouble  of  figuring  is  applicable  tn  a  great  number  of  cases.  The  dis- 
tance center  to  center  of  two  shafts  is  given,  and  a  transmission  of 
spur  gearing  of  the  ratio  3  to  7  between  them  Is  wanted.  The  pitch 
circles  can  be  drawn  immediately  without  figuring  their  diameters  or 
number  of  teeth.  Draw  the  distance  between  centers  to  scale,  hold 
the  zero  mark  of  rule  on  a  line  through  one  center  and  the  graduation 
10  (=3 -(-7)  to  a  parallel  line  through  the  other  center;  the  gradua- 
tion 7  marks  the  line  tangent  to  the  two  pitch  circles,  as  illustrated  in 
the  right-hand  view.** 

Steel  Bule  Becessed  Into  T-Square. 
The  following  little  kink  may  be  of  some  value  to  draftsmen.  A  f- 
incb  flexible  Brown  ft  Sharpe  scale  is  laid  Into  the  T-square  blade, 
which  has  previously  been  recessed  somewhat  to  fit  the  scale,  aa 
shown  in  Fig.  31.  Shellac  la  used  to  hold  the  scale  In  place  In  Its 
recess.  The  dividers  and  compasses  may  be  set  directly  from  thiS 
scale,  and  the  annoyance  of  looking  for  an  ordinary  loose  draftsman's 
scale  is  avoided.  Scales  graduated  to  32ds  and  64ths  of  an  inch  are  con- 
venient tor  fine  work.*** 


•••  John  CiMpman,  Boebeitcr,  N.  T.,  June.  1908. 
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CHAPTER   I. 


DTNAMO    AND    MOTOR   TBOUBLES. 

A  number  of  small  volumes  h8.vs  been  written  on  ttie  csre  of  elec- 
trical machinery,  particularly  dynamos  and  motors.  Most  of  these 
books  are  very  useful  In  assisting  tbe  operator  In  the  proper  mainte- 
nance of  the  apparatus  and  the  discovery  of  the  causes  of  faults  and 
breaks  which  are  constantly  liable  to  occur.  Almost  any  given  symp- 
tom of  distress  In  a  dynamo  or  motor,  however,  may  be  due  to  a 
number  of  different  causes.  This  fact,  together  with  tbe  lack  of 
method  in  tb6  arrangement  of  some  of  the  books  dealing  wltb  the 
subject,  often  handicaps  the  beginner  in  locating  the  particular  fault 
to  wblch  any  given  trouble  la  due. 

Roughly  Bi>eaklng  the  various  diseases  to  which  dynamos  and  motors 
are  subject  may  be  placed  in  six  general  ctasses.  First,  sparking  of 
the  brushes;  second,  heating  ol  the  parts;  third,  noises;  fourth,  varia- 
tions In  speed;  flfth,  miacellaneous  derangements  peculiar  to  motors 
as  distinguished  from  dynamos;  sixth,  mlscellaneouB  derangements 
peculiar  to  dynamos  and  generators  as  distinguished  from  motors.  It 
Is  again  possible  to  divide  each  of  these  major  symptomatic  Indlcationfl 
Into  minor  ones.  The  sparking  of  the  brushes,  for  instance,  may  be 
due,  first,  to  faults  of  the  brushes;  second,  to  faults  of  the  commu- 
tator; third,  to  ezcessive  currents  In  the  armature;  fourth,  to  faults 
In  the  armature.  Each  of  these  divisions  may  be  again  subdivided  and 
an  appropriate  Individual  remedy  Indicated. 

To  make  this  clearer,  the  arrangement  in  the  present  chapter  bas 
been  adopted  for  stating  precisely,  and  in  a  limited  space,  the  troubles 
met  with  and  the  remedies  to  apply.  As  an  Illustration  we  will  sup- 
pose that  the  armature  of  a  motor  becomes  dangerously  hot  after  run- 
ning for  a  time.  The  methodically  arranged  table  or  chart  which 
follows  is  consulted  and  under  the  heading  of  "heating  of  parts"  the 
sub-head  "armature"  Is  found.  There  are  seven  different  causes  given 
here  for  heating  of  the  armature.  It  may  be  due  to  overload  of  tbe 
motor,  to  a  short  circuit  due  to  carbon  dust,  etc.,  on  the  commutator 
bars,  or  It  may  be  caused  by  a  broken  circuit,  a  cross  connection, 
moisture  In  the  coils,  eddy-currents  in  the  core,  or  heat  conveyed  from 
a  hot  box  or  Journals  through  the  shaft.  Each  of  these  seven  causes 
may  be  Investigated  in  turn.  For  Instance,  it  may  be  found  that  the 
armature  core  is  warmer  than  the  winding  which  surrounds  It.  If  this 
is  the  case,  the  trouble  is  due  to  eddy-currents  in  the  core,  or  to  heat 
conducted  through  the  shaft  from  a  hot  box.  If  the  latter,  the  shaft 
will  of  course  be  hotter  than  the  armature,  and  the  bearings  still  hotter 
than  the  shaft  If  the  trouble  is  due  to  eddy-currents  the  armature 
will  be  found  to  be  made  of  solid  metal,  or  to  be  not  suBlclently  lami- 
nated.   In  either  case  the  trouble  Is  readily  discovered.  ^ 
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Tbere  are  two  advantages  In  using  a  cbart  of  tbie  kind.  In  the  case 
of  trouble  wltb  a  motor  or  dynamo,  a  laxge  text-book  Is  generally  too 
voluminous  to  be  easily  used,  and,  quite  likely.  Is  not  well  enongb 
arranged  to  permit  a  quick  diagnosis.  Then,  again,  atter  a  person  baa 
carefully  read  over  sucb  a  work  several  times,  he  will  still  find  the 
chart  very  acceptable,  as  a  guide  which  will  show  him  where  to  look 
and  what  to  do — something  that  can  be  glanced  over  quickly  and  can 
be  readil7  found,  which  will  outline  the  proper  course  to  pursue.  The 
trained  mind  will  then  quickly  recall  from  the  larger  work  the  details 
of  the  proper  method  of  procedure. 

SparUna:  at  tbe   Bruahes. 
FAtn,TS  OF  Bbubbkb. 
1,  Not  let  aiametricallv  oppo«((«. — Should  have  been  set  properly  at 
first,  by  counting  bars,  or  by  measurementa  on  tbe  commutator. 
.         Can  be  done  It  necessary   while  running;    move  rocker   until 
brush  on  on-slde  sparks  least;  then  adjust  other  rockers  so  they 
do  not  spark. 
8.  Not  let  at  neutral  points.— Move  rocker  back  and  forth  slowly 

until  sparking  stops. 
8.  Not  properly  trimmea. — Brushes  should  be  properly  trimmed  be- 
fore starting  by  bending  back  and  cutting  oft  loose  wires  or 
ragged  copper.  If  tbere  are  two  or  more  brushes,  one  may  be 
removed  and  retrlmmed  while  running.  Clean  with  benzine, 
soda  or  potash  (alcohol  or  ether  for  carbon) ;  then  file  or  grind 
to  standard  Jig  and  reset  carefully.  For  Instructions  for  setting 
see  1,  4,  and  38. 
4,  Not  in  line. — Adjust  each  brush  until  bearing  is  on  line  and  square 

on  commutator  bar,  hearing  evenly  the  whole  width. 
6.  Not  in  good  contact. — Clean  commutator  of  oil  and  grit.  See  that 
brushes  touch.  Adjust  tension  screws  and  springs  to  secnra 
light,  firm,  and  even  contact 
Faults  or  Commotatob. 
6-7.  Rottgh;  worn  In  groove*  or  rtdgei;  out  of  round. — Qrind  with 
fine  sand  paper  on  curved  block,  and  polish  with  crocus  cloth. 
Never  use  emery  In  any  form.  If  too  bad  to  grind  down,  turn 
off  true  in  a  lathe  or  preferably  on  Its  own  bearings,  with  a  light 
tool  and  rest  and  a  light  cut,  running  slowly.  Armature  should 
have  1/16  Inch  to  ^  Inch  end  motion  when  running,  to  w^r 
commutator  evenly  and  smoothly.  Se6  also  that  foundation  la 
level.  If  there  is  no  end  motion,  file  or  turn  ends  of  boxes  or 
shoulders  on  shaft  to  provide  end  motion;  then  line  up  shaft  and 
belt,  so  that  there  is  no  end  thrust  on  shaft,  but  so  that  the  arma- 
ture plays  freely  endways  when  running. 
8.  High  bars. — Set  "high  bar"  down  carefully  with  mallet  or  block 
of  wood,  then  clamp  end  nuts  tightly,  or  file,  grind,  or  turn  true. 
A  high  bar  may  cause  singing.  If  so  apply  stearic  acid  (ada^ 
roantlne),  candle,  vaseline,  or  cylinder  oil  to  commutator  and 
wipe  off;  only  a  trace  should  be  applied.    Move  brushes  In  and 
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out  of  holder  to  get  a  flrm,  smootli,  gentle  preaeure,  free  from 
hum  or  buzz. 
9.  LOK  bar*. — Qrlnd  or  turn  commutator  true  to  the  surface  of  the 
low  bars. 

10.  Weak  magnetio  fteU. — Broken  circuit  In  field  colla,  or  short  cir- 

cuit In  field  coIIb;  repair  If  external,  rewind  tf  internal.  Machine 
not  properly  wound  or  without  proper  amount  of  Iron;  no  remedy 
but  to  rebuild  It 

EiXCBSBiTi  Cdbbent  in  Abhatubb  of  Obnebatob. 

11.  Exceialve  load,— Reduce  number  of  lamps  and  load. 

Orounil  and  leaH  from  short  circuit  on  line.— Test  out,  locate,  and 

repair. 
Dead  short  circuit  on  Jln«. — Dead  short  circuit  will  or  should  hlow 
■atet;  (use.    Shut  down;  locate  fault  and  repair  before  starting 
again,  and  put  In  a  new  fuse. 
Excessive  Cubbent  in  Abmatuhk  or  Motob. 
11a.  Excessive  voltage. — Use  proper  current  only,   and  with  proper 
rheostat  and  controller,  and  switch. 
Excesiive  amperes  on  constant  current  circuit. — See  that  con- 
troller, etc.,   are  suitable  with  ample  resistance. 
Friction. — ^Reduce  load  on  motor  to  Its  rated  capacity  or  less. 
Clean  with  benzine.    Bearings  may  be  loose  or  worn  out;  per- 
haps new  bearings  are  needed.  For  bearings  out  of  line,  see  30. 
Too  great  load  on  pulley. — See  that  there  is  no  undue  friction  or 
mechaniral  resistance  anywhere. 
Abuatube  Faults. 
IS.  Short  circuited  coils. — (q).  Remove  copper  dust,  solder,  or  other 
metallic  contact  between  commutator  bare.     (b).  See  that  clamp- 
ing rings  are  iwrfectly  free,  and  insulated  from  commutator  bars, 
and  that  there  is  no  copper  duet,  carbonized  oil,  etc.,  to  cause  an 
electrical  leal;,     (c).  Teat  [or  cross  connection  or  short  circuit, 
and  1(  such  is  found  rewind  armature  to  correct,  (d).  See  that 
brush  holders  are  perfectly  insulated,  with  no  copper  dust,  car- 
bon dust,  oil  or  dust,  to  cause  an  electrical  leak. 

13.  Broken  coils. — (a).  Bridge  the  break  temporarily  by  st^gerlng  the 

brushes  until  machine  can  be  shut  down  (to  save  bsd  sparking) 
and  then  repair.  (&).  Shut  down  machine  if  possible,  and  re- 
pair loose  or  broken  connection  to  commutator  bar.  (c.)  If  coll 
Is  broken  Inside,  rewinding  is  the  only  sure  remedy.  May  be 
temporarily  repaired  by  connecting  to  next  coll,  across  mica, 
(d).  Solder  commutator  lugs  together,  or  put  in  a  "Jumper,"  and 
cut  out,  and  leave  open  the  broken  coil.  Be  careful  not  to  short 
circuit  a  good  coil  in  doing  tbis. 

14.  Cross  connections. — Cross  connections  may  have  same  effect  as 

Bbort  circuit;  treat  as  sucli.  see  12.  Each  coil  should  test  com- 
plete, with  no  cross  and  no  ground. 
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BeaUDff  of  PftTtA. 
Abhature. 

15.  Overloaded. — Too  many  amperes,  lights,  or  too  much  power  being 

taken  from  machine.     See  11a. 

16.  Short  circuit. — Generally  dirt,  etc.,  at  commutator  bars.     See  12. 

17.  Broken  circuit. — Often  caused  by  a  loose  or  broken  band.    See  12, 

13,  and  11. 

18.  Crots  connection. — Often  caused  by  a  loose  coll  ahradlog  on  another 

coll  or  core.    See  12  and  14. 

19.  Moisture  in  coils.— Dry  out  by  gentle  heat;  may  be  done  by  sending 

a  small  current  through,  or  causing  machine  to  generate  a  Bmali 
current  Itself,  by  running  slowly. 

20.  Ediy  currents  in  c!>re.— Iran  of  armature  hotter  than  coils  after  a 

run:  faulty  construction.  Core  should  be  made  of  finely  lamlQ. 
ated  insulated  sheets.     No  remedy  but  to  rebuild. 

21.  Friction. — Hot  bones  or  Journals  may   effect  armature.     See   2& 

and  33. 
Field  Coils. 

22.  Exceigive   current,— When   shunt   wound   decrease   voitage   at  ter- 

minals by  reducing  speed;  increase  Held  resistance  by  winding 
on  more  wire,  finer  wire,  or  putting  resistance  in  series  with 
fields.  When  series  wound,  decrease  current  through  fields  by 
shunt,  removing  some  of  the  field  winding,  or  rewind  with 
coarser  wire.  ExceBsWe  current  may  be  caused  by  a  abort  cir- 
cuit, or  by  moisture  In  colls,  producing  a  leakage.  See  24. 
33.  Sddjf  currents. — Pole  pieces  better  than  coils  after  short  i-un,  due 
to  faulty  construction,  or  fluctuating  current;  if  latter,  regulate, 
and  Steady  current. 

24.  Moisture  in  coil*. — Colls  not  dry  Bbow  less  than  norma!  resistance; 

may  cause  sbort  circuit  or  body  contact  to  iron  of  dynamo.  Dry 
out  as  in  19. 

BtABINOS. 

25.  Not  tulficient  or  poor  oil. — See  that  plenty  of  good  mineral  oil,  fil- 

tered clean,  and  free  from  grit,  la  fed  to  bearings;  be  (»reful 
that  it  does  not  get  on  commutator  or  brush  bolder.  (See  12.) 
Cylinder  oil  or  vaseline  may  be  used  if  necessary  to  complete 
run,  mixed  with  sulphur  or  white  lead,  or  hydrate  of  potash. 
Then  clean  up  and  put  In  good  order, 

26.  Dirt  or  gHt  in  heaHngs.—(a).  Wash  out  grit  with  oil  while  run- 

ning, then  clean  up  and  put  in  order.  Be  careful  about  not  flood- 
ing commutator  and  brush  holder,  (b).  Remove  caps  and  clean 
and  polish  Journals  and  bearings  perfectly,  then  replace.  See 
that  all  parts  are  free  and  lubricate  well,  (c)  When  shut  down, 
if  hot,  remove  bearings  and  let  them  cool  naturally;  then  clean, 
scrape  and  polish,  assemble,  seeing  that  all  parts  are  tree,  and 
lubricate  well. 

27.  Rough  joumOlt  or  bcarinpi.—Stnootb  and  polish  In  a  UUie,  r«- 
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moving  all  burrs,  scratcbes,  tool  marks,  etc.,  and  rebabbltt  old 
boxes  or  fit  new  odcb. 
ZS-Z9.  Jovmala  too  tight  in  bearings;  lent  shaft. — Slacken  cap  bolts, 
put  ia  liners  and  re-tlghten  till  run  is  over;  then  scrape,  ream, 
etc.,  aa  majr  be  needed,  bend  or  turn  true  in  lathe  or  grind  true. 
Fossfbty  a  new  box  or  abaft  will  be  needed. 

30.  Bearingt  OTit  of  line. — Loosen  bearing  bolts,  line  up  and  block  until 

armature  Is'  In  center  of  pole  pieces,  ream  out  dowel  and  bolt 
boles  and  secure  in  new  position, 

31.  End  pressure  of  pulley  huh  or  shaft  collars. — See  tbat  foundation 

Is  level  and  armature  baa  tree  end  motion.  It  there  is  no  end 
motion,  file  or  turn  ends  of  boxes  or  shoulders  on  shaft  to  pro- 
vide end  motion.  Then  line  up  shaft  and  belt,  so  that  there  Is 
no  end  tbruat  on  sbatt,  but  so  that  tbe  armature  plays  freely 
endways  when  running. 

32.  Belt  too  tij/ht. — (a).  Reduce  load  so  that  belt  may  be   loosened  and 

yet  not  slip.  Avoid  vertical  belts  if  possible,  (b).  Cboose  larger 
pulleys,  wider  and  longer  belts  with  slack  side  on  top.  Vibrating 
and  flapping  belts  cause  winking  lamps. 

33.  Armature  out  of  center    of  pole  pieces. — (a).  Bearings  throwing 

armature  out  of  center  may  be  worn  out  and  need  replacing. 
(0).  To  repair,  however,  center  armature  In  polar  space,  and 
adjust  bearings.  Loosen  tiearing  bolts,  line  up  and  block  until 
armature  Is  In  center  of  pole  pieces,  ream  out  dowel  and  bolt 
holes  and  secure  in  new  position,  (c).  File  out  polar  apace  to 
give  equal  space  all  around.  <d).  Spring  pole  away  from  arma- 
ture and  secure  In  place;  'this  may  be  difficult  or  impossible  In 
large  machines. 

Noises. 

34.  Armature  or  pulley  out  of  balance. — Faulty  construction;    arma- 

ture and  pulley  should  have  been  balanced  when  made.  May  be 
helped  by  balancing  on  knife  edges  now. 

35.  Armature  strikes  or  rubs  pole  pieces.— (a).  Bend  or  press  down 

any  projecting  wires,  and  secure  with  tie  bands.  (6).  File  out 
pole  pieces  where  armature  strikes.    See  also  30  and  33. 

36.  Collars  or  shoulders  on  shaft  strike  or  rub  bojc.— Bearings  may  be 

loose  or  worn  out.    Perhaps  new  bearings  are  needed.    See  also 
30  and  31. 
3T.  Loose  bolt  connection  or  screwis. — See  that  all  bolts  and  screws 
are  tight,  and  examine  daily  to  keep  them  so. 

38.  Brushes  sing  or  hiss.— {a).  Apply  stearic  acid  (adamantine),  can- 

dle, vaseline,  or  cylinder  oil  to  commutator  "and  wipe  off;  only 
a  trace  should  be  applied,  (b).  Move  brushes  in  and  out  of 
bolder  to  get  a  Arm,  smooth,  gentle  pressure,  free  from  hum  or 
buzz.    See  also  3,  8,  and  9. 

39.  Flop^ijnir  of  fielt.—Vee  an  endless  belt  it  possible;    it  a  laced  belt 

must  be  used,  have  square  ends  neatly  laced. 

40.  Slippiftff  of  belt  from  overload. — Tighten  belt  or  reduce  load.    See 

also  32.  ^ 
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41.  Httmminif  of  armature  lugs  or  teeth. — (a>.  Slope  end  of  pole  piece 
80  that  armature  does  oot  paaa  edges  all  at  once.  (b).  Decrease 
magnetlBm  of  field,  or  increase  magnetic  capacity  of  tooth. 

VaiiatlODB  In   Spe«d. 
Ru.NS  Too  Fabt. 

45.  Engine  fails  to  regulate  with  varying  load. — Adjust  governor  of 

engine  to  regulate  properly,  from  no  load  to  full  load. 

43,  Seriet  motor;  too  mucft  current;  mjw  a*oay. — Series  motor  on 

constant  current:  (a).  Put  in  a  shunt  and  regulate  to  proper 
current,  (B).  Use  regulator  or  governor  to  control  magnetism 
or  field  tor  varying  load.  Series  motor  on  constant  potential: 
(a).  Insert  resistance  and  reduce  current,  (b).  Use  a  proper 
regulator  or  coDtrolllng  switch,  (c).  Change  to  automatic  speed 
regulating  motor. 

44.  Bhunt  motor:  regulator  not  properly  set. — Adjust  regulator  to  con- 

trot  motor. 
Shunt  motor:  not  proper  current. — Use  current  of  proper  voltage 

and  no  other,  with  a  proper  rheostat. 
Shunt    motor:   motor  not   properly  proportioned. — Install    better 

motor,  one  properly  designed  for  the  work. 
Runs  Too  Slow. 

46.  Engine  jaiU  to  regulate. — Adjust  governor  of  engine  to  regulate 

properly,  from  no  load  to  full  load. 

46.  OverloaA. — Reduce  number  of  lamps  and  load. 

47.  Short  circuit  in  armature. — (a).  Remove  copper  dust,  solder  or 

other  metallic  contact  between  commutator  bars.  (b).  See  that 
clamping  rings  are  perfectly  free,  and  Insulated  from  commu- 
tator bars,  and  that  there  Is  no  copper  dust,  carbonized  oil,  etc., 
to  cause  an  electrical  leak.  (c).  Test  for  cross  connection  or 
short  circuit,  and  if  such  Is  found,  rewind  armature  to  correct, 
(d).  See  that  brush  holders  are  perfectly  insulated,  with  no 
copper  dust,  carbon  dust,  oil  or  dust,  to  cause  an  electrical  leak. 

48.  Striking  or  rubbing  of  armature. — (o).  Bend  or  press  down  any 

projecting  wires,  and  secure  with  tie  bands,  (b).  File  out  pole 
pieces  where  armature  strikes.    See  also  30  and  33. 

49.  friction. — Clean  with  benzine.    See  also  25. 

50.  Weak  magnetic  ;!e  Id  .—Broken  circuit  in  field  colls  or  short  circuit 

In  field  coils:'  repair  if  external,  rewind  If  Internal.  Machine 
not  properly  wound,  or  without  proper  amount  of  Iron:  no 
remedy  but  to  rebuild  It. 

Motor. 
Stops  ob  Fails  to  Stabt. 
51-52,  Great  overload;  excestive  friction. — Open   switch,  find   and   re-  . 
pair  trouble.     Keep  switch  0[)en  and  rheostat  "olT'  to  see  if 
everything  Is  In  good  order.    With  series  motor  no  great  harm 
will  result  from  falling  to  start  or  stopping.  <  With  shunt  motor 
on  constant  potential  circuit,  fuse  may  blow  or  armature  burn 
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out.  Reduce  load  on  motor  to  Its  rated  capacity  or  leas.  See 
that  there  Is  no  undue  friction  or  mecbanical  resistance  any- 
wliere.  See  also  25,  33,  and  35. 
63.  Circuit  open:  fv»e  melted  or  awHIck  open. — Find  trouble.  Put  In 
fuse  after  opening  switcb.  (If  fuse  Is  blown  on  account  of  dead 
short  circuit,  abut  down,  and  locate  and  repair  fault  before 
starting  again.) 
Circuit  open:  broken  wire  or  connection. — Open  swltcb,  And  and 

repair  trouble  as  Instructed  under  13. 
Circvit  open:  hruthet  not  in  conloct— Open  switch  and  adjust  as 

stated  under  5. 
Circuit  open:  current  faiU  or  is  shut  off- — Open  swltcb;   return 
starting  boi  lever  to  off  position;  wait  for  current. 
54'65-56.  Short  circuit  of  fielii.   armature,  or  sioitch. — Test  for,  and 
repair   If  possible.     Eiamiae   insulation   of  binding  posts  and 
brush  holders.    Poor  Insulation,  dirt,  oil,  and  copper  or  carbon 
dust  often  result  In  a  short  circuit. 
Ru.TS  Backwabds. 

57.  Wrong  connections. — Connect  up  correctly  per  diagram;  if  no  dia- 

gram is  at  hand,  reverse  connections  to  brushes,  or  other  con-- 
nectlons,  until  direction  of  rotation  la  satisfactory. 

Dynamo  or  Oanerator. 
Rei-ebsed  Rebidcial  Maonetism. 

58.  Reverted  current  through  field  coils.— Use  current  from  another 

machine  or  a  battery  through  field  in  proper  direction  to  correct 

fault.    Test  polarity  with  a  compass. 
Reversed  connections. — If  connections  or  windings  are  not  known, 

try  one  way  and  test;   If  not  correct,  reverse  connections,  try 

again  and  test. 
Earth's  Jfoffnefism.— Connect  up  per  diagram  for  desired  rotation; 

see  that  connections  to  shunt  and  series  colls  are  properly  made. 
Proximity  of  another  aynamo. — Shift  brushes  until  they  operate 

better.    See  1  and  2. 
Brushes  not  in  ripht  position. — See  1  and  2. 
Too  Weak  REsmuAi.  Maonetism  and  Shobt  Cikcuit. 

59.  7*00  weak  residual  magnetism. — Use  current   from   another  ma- 

chine or  a  battery  through  field  in  proper  direction  to  correct 
fault.    Test  polarity  with  a  compass. 

60.  Bhort  circuit  in  machine. — (a).  Remove  copper  dust,  solder,  or 

other  metallic  contact  between  commutator  bars.  (b).  See  that 
clamping  rings  are  perfectly  free,  and  Insulated  from  commu- 
tator bars,  and  that  there  Is  no  copper  dust,  carbonized  oil,  etc.. 
to  cause  an  electrical  leak.  (c).  Test  for  cross  connection  or 
short  circuit,  and  If  such  is  found  rewind  armature  to  correct. 
(d).  See  that  brush  holders  are  perfectly  insulated,  with  no 
copper  dust,  carbon  dust,  oil  or  dust,  to  cause  an  electrical  leak. 
See  also  54-56. 
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61.  Short  circuit  in  external  circuit. — A  lamp  Bocket,  etc.,  may   be 

Bhort  circuited  or  grounded,  and  prevent  building  up  shunt  or 
compound  machines.  Find  and  remedy  before  closing  awttch. 
See  also  M-oS. 

62.  Field  coiti  opposed  to  each  Other. — Reverse  connections  of  one  of 

field  coilB  and  test.  Find  poiarlty  with  compaBS;  if  necessary, 
use  current  from  another  machine  or  a  battery  tbrougb  field  in 
proper  direction  to  correct  fault.  Teat  polarity  wltb  a  compass. 
Connect  up  per  diagram  for  desired  rotation,  and  see  that  con- 
nections to  sbunt  and  series  coils  are  properly  made.  Try  shift- 
ing brushes  until  they  operate  better.  If  necessary  reverse  con- 
nections and  recharge  In  opposite  directions. 
Opkn  CiRctirr. 

63.  Broken  lotre.— Search  out  and  repair  as  stated  in  13. 
Faulty  Connections. — Search  out  and  repair  as  stated  in  37. 
Brushes  not  in  contact. — Search  out  and  repair  as  stated  in  5. 
Safety  fuses  melted  or  broken. — Search  out  and  repair  as  stated 

in  53. 
External  circuit  open.— Search  out  and  repair  with  dynamo  switch 
open  until  repairs  are  completed. 
Excessive  Load  ob  Resistance. 

6i.  Too  great  load  on  dynamo. — (o).  Reduce  load  to  pilot  lamp  on 
sbunt  and  Incandescent  machines;  after  voltage  is  obtained  close 
switches  In  succession  slowly,  and  regulate  voltage,  (b).  Re- 
duce number  of  lamps  and  load.  (c).  Bring  up  to  voltage  gradu- 
ally with  rheostat,  and  watch  pilot  lamp,  regulating  carefully. 

STi.  Too  great  resistance  in  field  rheostat. — Bring  up  to  voltage  gradu- 
ally with  rheostat,  and  watch  pilot  lamp;  regulate  carefully. 
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EEPAIRS    TO    THE    COMMUTATOR. 

The  moat  economical  method  of  repairing  electrical  machinery  in  a 
manufacturlDg  establUhment.  or  electric  railway  plant,  is  a  subject 
that  Bhould  command  the  attention  o(  the  superintendent  and  electri- 
cian. The  exorbitant  charges  of  electrical  repair  concerns  and  the 
unnecesBary  delay  In  tiaQSpottatlon  of  apparatus  make  It  a  practical 
neccBBlty  for  companies  of  any  magnitude  to  do  their  own  repairing. 
In  the  present  chapter  a  few  suggestions  are  given  for  re-fllllng  com- 
mutators. As  the  commutator  Is  the  part  of  a  direct- current  machine 
that  is  subjected  to  the  greatest  wear,  its  re-fllling  constitutes  a  large 
portion  of  the  repairman's  worli. 

It  Ifi  always  advisable,  when  possible,  to  purchase  hard-drawD  copper 
strips,  drawn  to  gage,  and  cut  them  to  required  lengths.  Old  commu- 
tators are  frequently  so  far  out  of  date  that  standard  sizes  of  segments 
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will  not  do.  A  very  good  commutator  can  he  made  from  a  copper 
casting,  Bimllar  in  shape  to  the  assembled  commutator,  that  Is,  cylin- 
drical In  form  and  enough  larger  than  the  original  commutator  to 
allow  for  finishing  (Fig.  1).  Large  castings  may  be  cored  out  at  ends, 
a  and  a',  (or  collars,  thus  saving  some  stock  and  considerable  labor, 
as  it  Is  then  only  necessary  to  make  a  finishing  cut  after  segments  are 
assembled.  Bore  out  the  rough  casting  and  drive  It  on  an  arbor  and 
place  on  "centers"  of  a  milling  machine.  Use  a  1/16-lncb  saw  about 
four  or  Ave  Inches  in  diameter.  Cut  as  many  slots  In  the  casting  as 
there  are  to  be  segments,  b.  Fig.  2.  By  using  an  indexing  bead  this  is  a 
very  simple  process.  Cut  tbe  Blots  to  within  about  1/S  Inch  of  through, 
as  shown  at  c.  The  slots  a  for  armature  leads  should  be  cut  In  after 
tbe  commutator  is  assembled  and  turned.  Now,  drive  out  arbor  and 
catch  casting  in  a  rise  and  fluish  cutting  through  the  slots  with  a 
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back-saw.  Two  bladea  put  In  the  frame  at  the  aame  time  will  make  a 
cut  about  equal  Id  width  to  that  made  by  the  eaw  in  milling  macblne. 
File  oS  any  burra  that  remain  on  aegments  and  drill  a  bote  In  each 
one  on  Banged  portion  a.  Fig.  3,  in  diameter  about  twice  the  width 
of  slot  cut  for  lead  wires,  and  a  little  deeper.  This  hole  aids  greatly 
In  soldering  la  annature  leads,  as  the  solder  flows  at  once  to  the  bottom 
of  slot.    The  Insulation  between  the  segmeuts  should  be  mlcanlte  about 
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1/32  Inch  In  thickness.  As  the  segments  are  sawed  up  by  a  1/16-inch 
saw,  the  rough  casting  must  be  made  large  enough  to  allow  for  the 
difference.  For  Instance,  in  sawing  up  a  casting  into  32  segments,  two 
Inches  of  the  circumference  would  be  wasted.  Using  1/32  inch  ml- 
canlte would  make  up  for  one  inch  only,  so  that  the  rough  casting 
must  be  one  inch  greater  In  circumference — over  and  above  the  stock 
allowed  tor  finishing— tban  the  original  size  of  the  old  commutator. 
The  next  step  is  to  assemble  the  segments  in  a  suitable  clamp,  as 
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shown  in  Fig.  4.  This  is  a  cast-iron  split  ring,  the  two  parts,  c  and  c', 
,  being  held  together  by  bolts  d  and  d'.  A  plan  of  section  c  is  shown; 
a  and  a'  are  dowel  pins,  and  6  and  b'  are  clearance  botes  far  bolts  d 
and  d'.  Great  care  must  be  taken  In  assembling  the  eegmenta  to  tiave 
them  all  straight,  that  is,  parallel  with  the  axis  of  the  commutator. 
Now,  chuck  the  clamp,  with  the  segments,  in  the  latfae,  and  bore  out 
the  center  to  required  diameter,  then  bore  out  the  ends  to  correspond 
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vlth  the  old  commutator.    A  templet  of  tin  made  to  at  the  end  bore 
of  the  old  commutator  la  v«rj  convenient  for  gaging  the  new  one. 

It  Is  more  economical  to  make  eevera]  commutators  at  one  time,  so 
that  a  temporary  shaft,  with  collars  and  clamping  nuts,  should  be 
provided.  Such  an  arrangement  Is  shovn  in  Fig.  G,  d  being  a  short 
length  of  cold-rolled  steel  threaded  at  e  and  e';  a  and  a'  collars  bored 


out  to  Blip  over  shaft,  and  6  and  b'  clamping  nuts.  The  temporary 
shaft  should  be  firmly  secured  to  the  newly-bored  segments  before 
removing  the  clamping  ring.  This  done,  the  ring  may  be  removed 
and  the  new  commutator  will  be  ready  lor  turning,  as  shown  In  section 
at  c  and  c'.  Fig.  5,    Before  turning,  the  commutator  should  be  heated 


until  the  shellac  oozes  from  the  mlcanlte,  then  placed  on  end  on  a  sur- 
face-plate with  a  hole  for  shaft  to  extend  through.  This  plate  Is  shown 
at  d.  Fig.  6. 

Place  a  try-square  on  the  plate  and  sight  along  the  blade  to  see  that 
the  edge  of  one  of  the  segments  coincides  with  It,  as  at  b  or  c.    If  not. 
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by  using  a  small  cold-cbisel  and  faammer,  drive  the  segment  one  way 
or  tbe  other  until  plumb.  Go  all  around  the  commutator  in  tbie  man- 
ner. After  Btralgbtening  all  tbe  eegmenta.  tighten  up  the  clamping 
nuts  t^aln  and  allow  tbe  shellac  to  dry.  Alter  the  flnlehing  cut  is 
taken,  tbe  commutator  should  be  returned  to  tbe  milling  machine  and 
tbe  slots  cut  lor  lead  wires,  as  shown  at  a.  Fig.  2.  When  all  burrs 
have  been  removed,  we  are  ready  to  put  on  tbe  retaining  band,  which 
llnnly  holds  tbe  segments  in  place  until  used. 

Pig.  8  shows  a  method  ol  putting  on  tbe  band.  The  segments,  a,  are 
placed  'between  lathe  centers,  and  a  heavy  piece  of  manlla  paper  is 
wrapped  around  them,  as  shown  at  e.  This  is  held  In  place  tempo- 
rarily by  a  cord,  which  also  Berres  to  hold  In  place  a  piece  of  1/32-lncb 
brass,  b.  Now  cut  two  flber  friction  blocks.  /  and  f,  to  fit  In  the  tool- 
post,  bore  a  bote  and  Insert  a  pin  in  each,  g  and  g'.  to  keep  the  blocks 


In  place.    Any  amount  of  tension  can  be  placed  on  tbe  blocks  by  tbs 
clamping  screw  n. 

Take  the  end  of  a  coll  of  No.  IS  brass  wire,  and  pass  It  between 
friction  blocks.  /  and  /',  and  catch  It  In  one  of  tbe  slots,  as  at  c.  Turn 
the  assembled  segments  two  or  three  revolutions  until  the  wire  Is 
brought  over  the  paper  e,  then  cover  about  one-half  the  length  of  the 
segments  closely  and  very  tight.  When  tbe  desired  amount  of  wire 
has  been  wound  on,  turn  the  ends  i  and  i'  of  the  braes  strip  6  over  on 
wire,  and  hammer  down,  bringing  tbe  turn  h  close  up  to  tbe  band. 
Flow  Bolder  over  the  band  with' an  Iron  and  cut  off  the  ends  of  wtre. 
The  commutator  may  then  be  removed  from  temporary  clamping  de- 
vice, when  It  will  have  tbe  appearance  shown  In  Fig.  9.  The  temporary 
clamping  device,  the  clamping  ring,  and  templets,  can  be  used  indefi- 
nitely. One  clamping  ring  can  be  used  tor  several  sizes  of  commu- 
tators by  using  split  bushings. 
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When  removiDg  old  segmentB  from  a  commutator,  care  should  be 
taken  to  keep  the  molded  mica  Insulation  on  the  ende  intact.  It  thla 
Is  broken  It  can  be  replaced  by  canvas  diekB,  shown  In  Fig.  11,  made 
up  of  several  pieces  shellaced  together  to  obtain  a.  thickness  equal  to 
the  molded  mica.  Place  the  old  commutator  sleeve,  with  the  rear 
collar  attached,  en4  dovn  on  a  bench  and  slip  the  canvas  disk  over 
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sleeve  to  bottom.  A  bole  In  the  disk  should  fit  tightly  over  the  sleeve, 
and  the  outside  diameter  be  about  one  Inch  greater  than  tbat  of  tbe 
commutator.  A  thin  sbeet  of  flexible  mlcanlte  must  be  wrapped  around 
the  commutator  sleeve,  to  Insulate  it  from  the  inside  of  segments. 
After  placing  the  assembled  segments  tl.  over  the  sleeve,  slip  on  the 
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upper  canvas  disk  a.  Fig.  12,  then  collar  b.  finally  tightening  up  nut  c. 
Canvas  disks  should  be  put  In  with  shellac,  wet.  After  screwing  up 
the  nut  Drmly,  allow  all  dampness  to  dry  out  thoroughly.  Tbe  canvas 
disks  will  then  protrude  between  collars  and  segments  as  shown  at  a, 
Fig.  13.  Trim  off  smoothly,  giving  a  finished  appearance  like  a  In 
Fig.  14. 
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The  completed  commutator  la  now  ready  for  testing.  A  very  con- 
venient and  fairly  accurate  method  Is  shown  dlagrammatlcally  in 
Tig.  10.  A  sixteen  candle-power  Incandescent  lamp  Is  connected  In 
series  with  the  mains,  and  two  flexible  cor^B  with  solid  copper  tips, 
b  and  b'.     Pig.  7  shows  the  application  of  the  testing  arrangement. 


The  copper  tips,  a  and  a",  are  placed  on  adjoining  aegmenta,  as  at  1 
and  2.  If  there  la  a  short-circuit,  the  lamp  will  light.  Test  each  seg- 
ment In  turn  in  this  manner.  Then,  by  placing  one  of  the  tips  on  the 
end  of  the  collar,  as  at  b.  and  touching  the  other  to  each  segment  In 
turn,  any  leakage  from  segments  to  core  will  be  found.    If  no  leak  la 
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found  the  commutator  ia  ready  for  use.     If  a  leak  or  sbort-clrcult 
appears,  the  trouble  must  be  located  and  remedied  before  using. 

Small  copper  chips  wedged  In  the  mlcanlte  bj  the  turning-tool  often 
cause  a  short-circuit  between  segments.  A  careful  inspection  Inside 
and  out  after  turning,  will  generally  disclose  any  such  defect. 
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REPAIRS    TO    THE    ARMATURE    WINDING. 

The  repair  shop  of  a  manufacturing  plant  or  electric  railway  plant 
should  have  at  band  suitable  iitanda  or  "horses"  tor  holding  armatures 
during  the  winding  process.  If  the  armature  Ib  small,  short  stands 
mar  he  mounted  on  a  work-hench.  When  an  armature  comes  in  to  he 
repaired,  carefully  caliper  Its  diameter  outside  of  the  bands  and  the 
winding.  Observe  particularly  the  shape  of  the  ends.  As  the  workman 
proceeds  to  tear  apart  the  armature,  he  should  note  the  size  of  wire, 
style  of  winding,  number  of  colls,  convolutions  per  coll,  number  of 
layers,  and  all  other  details.  All  such  data  should  enter  a  notebook, 
aa  this  Infonnalton  will  be  of  future  value.     It  Is  well  to  head  the 
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entry  with  the  name  of  the  machine,  horse-power,  voltage  and  current. 
speed  and  serial  number  of  the  armature. 

The  first  step  is  unwinding  an  armature  la  to  unsolder  the  leads 
BJid  remove  the  commutator.  Then  cut  off  the  bands  and  remove  the 
wire.  If  the  coils  are  of  the  tanned  type,  laid  in  slots,  raise  the  upper 
half  around  the  entire  circumference,  and  remove  the  coils.  In  the 
reverse  order  to  that  In  which  they  were  put  in.  After  the  core  Is 
entirely  stripped  of  winding  and  Insulation,  it  Is  ready  to  re-insulate. 

Fig.  15  is  a  sectional  view  of  a  smooth-core  drum  armature  insulated 
ready  tor  winding.  In  the  figure,  a  Is  the  core;  b  and  6'  the  ends  of 
shaft  covered  as  shown;  c',  c',  c",  and  c*  are  fiber  pegs  for  separating 
the  coils;  d  and  d'  Insulation  on  core,  and  e  and  e'  insulating  end 
disks.  Fig.  16  shows  the  manner  of  notching  the  core-in sulatlon  to 
fit  between  the  fiber  pegs.     Flexible  micanlte  1/32  Inch  In  thickness. 
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and  held  In  place  temporarily  by  a  few  turns  o£  "flax,"  forma  an  excel- 
lent insulation.  A  ring  armature,  partially  In  section,  ts  shown  In 
Fig.  17.  The  Bhaft.  a,  preBsed  into  the  hub,  d,  carries  the  spider,  to 
which  is  attached  the  ring  b.  One  wing  of  tbe  spider  Is  shown  at  c. 
A  flexible  micanlte  insulation,  e.  covering  the  outside.  Inside  and  ends 
ot  ring.  Is  held  In  place  by  a  tight  wrapping  of  cotton  tape,  as  shown 
at  0-  The  wings  of  the  spider  must  be  Insulated.  This  can  be  done 
conveniently,  as  shown  In  Fig.  IS.  which  shows  a  sectional  end  view 
of  an  armature,  a  being  tbe  armature  ring,  b  the  spider  wing,  and  c 
and  c'  triangular-shaped  pieces  of  mlcanite  extending  the  length  of  the 
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wing.    The  triangular  pieces  are  retained  In  position  by  the  wrapping 
of  cotton  tape. 

A  section  of  a  Blotted  armature  is  shown  in  Fig.  19.  Here  a  Is  the 
end  in  section;  b  and  b'  are  slots  not  yet  Insulated;  c  Is  a  hard-wood 
or  fiber  block  the  length  ot  the  slot  and  slightly  narrower;  d  Is  mica- 
nlte liisulatfcn  driven  In  place  by  the  block  c;  e  is  a  slot  insulated 
ready  for  the  coil;  /  and  /'  arc  armature  colls;  h  la  the  Insulation 
between  the  cpils;  and  i  and  t'  the  slot  Insulation  trimmed  flush  with 
core  a.  The  micanlte  la  cut  Into  strips  of  the  required  size,  and  folded 
over  the  block  c.  to  form  troughs,  aa  shown.  Another  form  of  alot 
coming  generally  into  use  Is  shown  in  Fig.  20,  In  which  a  is  the  end 
at  armature;  6  and  V  V-ahaped  slots  cut  tor  receiving  the  wood  retaln- 
ing-strlp  c:    c  and  c'  coils  In  the  slot,  with  Insulallon  d  between  them. 
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Pig.  21  is  an  end  view  of  an  armature  partially  In  section.  Tble 
view  Illustrates  the  winding  process  with  a  form  of  coll  In  common 
use.  In  the  figure,  a  Is  the  shaft;  b  the  end  of  the  armature;  c,  a  piece 
of  sbeet  brass  the'length  of  the  slot  and  about  4  Incbea  wide;  1,  2,  3, 
4,  5,  6,  7,  and  8  show  the  colls  with  one-half  free  and  one-half  In  slots; 
9,  10,  11,  12,  13,  14.  15,  and  16  show  one-halt  of  the  coll  In  cross-section. 
Proceeding  to  wind  an  armature  of  the  tjrpe  ahown  In  Fig,  21,  the  first 
process  Is  to  insulate  the  slots  in  the  manner  already  described,  then 
drive  one-half  of  the  coll  Into  place,  continuing  around  the  armature, 
thua  filling  half  of  each  slot.  The  armature  will  then  appear  as  shown. 
Fig.  22  Is  a  piece  of  vuicaalzed  fiber,  shaped  for  driving  colls  Into 
Blots.  In  a  four-pole  machine  each  coil  will  have  a  pitch  of  90  degrees, 
that  Is.  It  will  cover  one-fourth  of  the  periphery  of  the  armature.  The 
coils  slip  Into  the  slotf  easily,  with  the  exception  of  those  on  the  last 
quarter.  Beginning  at  a  point  three-fourths  of  the  distance  around 
the  armature  from  the  first  coll,  the  outer  half  of  the  colla  that  havs 
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been  laid  in,  will  lap  over  the  empty  slots.  At  this  point  a  little  more 
labor  is  Involved  In  getting  the  colla  Into  their  respective  places.  Hav- 
ing completed  the  first  process,  start  at  any  point  to  drive  the  outer 
bait  of  the  colls  Into  slots.  Hold  the  piece  of  brass,  c.  before  referred 
to,  In  the  left  hand  and  slip  It  Into  the  position  shown.  U  this  way 
it  guides  the  coll  S  into  the  slot.  With  a  mallet  and  the  tool  shown 
in  Fig.  22,  drive  the  coll  snugly  into  place.  Continue  with  each  coil 
In  like  manner  until  all  have  been  driven  Into  their  proper  positions. 
In  Fig.  23,  the  periphery  ot  the  armature  is  supposed  to  be  laid 
out  flat.  In  the  figure,  a,  b,  and  c  are  colls  of  the  oblong  typ^,  which 
form  a  chordal  winding.  It  will  be  seen  that  the  coils  are  staggered, 
that  Is,  tbe  projecting  ends  alternate  backward  and  Forward.  With 
this  style  of  winding,  the  ends  of  tbe  armature  core  must  be  well 
insulated.  Tbe  coils,  it  not  pounded  Into  shape  vlth  a  mallet,  n-lll 
Interfere  at  d,  c,  /,  p.  ft,  i.  j,  and  k.  Tbe  coil  a  extends  from  slots  1 
to  6;  b  from  2  to  7.  and  c  from  3  to  8,  No  specific  directions  can  be 
given  here  for  shaping  these  coils,  as  no  two  makes  of  armatures  are 
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alike.  By  noting  carefuU?  the  sbape  ol  tbe  original  coil,  it  will  be  an 
easy  matter  to  form  the  new  one.  The  winding  1b  executed  in  a 
manner  similar  to  the  formed-coll  winding  previoualy  described. 

Taking  up  the  subject  of  smooth-core  drum  armaturea,  let  ub  atudr 
Figs.  24  to  29  incluBlve,  which  Illustrate  Bome  common  types  of  wind- 
ing. Starting  with  Fig.  24,  we  will  aasume  each  coll,  for  the  aake  ol 
simplicity,  to  be  one  layer  deep  and  three  convolutions  In  width.  Stand 
facing  the  commutator  end  of  the  armature,  and  tie  the  end  of  wire  a 
to  the  flber  peg.  Pass  the  wire  downward  over  the  end  of  the  arma- 
ture core  and  between  tbe  two  pega,  diametrically  opposite  to  the 
starting  point.  Turn  the  armature  over  and  draw  the  wire  tightly 
along  Us  surface  to  the  back  end.  Carry  the  wire  around  the  shaft. 
on  the  side  opposite  to  that  followed  on  the  front  end,  and  through 


tbe  pegs  back  to  the  starting  point,  having  In  the  meantime  turned 
tbe  armature  over  to  Its  original  position.  It  Is  convenient  to  have 
the  reel  of  wire  suspended  over  the  workman's  head,  bo  that  tbe  wire 
will  pay  off  freely.  Cut  the  wire  from  tbe  reel,  leaving  end  b.  The 
ends  must  be  long  enough  to  he  soldered  Into  the  commutator. 

Now  turn  the  armature  over  and  begin  the  second  coil  to  tbe  right 
of  the  flrBt  one.  This  will  bring  tbe  second  coil  to  tbe  left  of  the  first 
one  at  tbe  bottom  side,  aa  shown  In  Fig.  25.  The  ends  c  and  d  are 
left  tor  connecting  to  the  commutator,  as  in  the  flrst  Instance.  To 
commence  the  third  coll,  turn  the  armature  over  ^ain  and  start  at 
the  right  of  the  second  coil.  Fig.  26,  twlBtlng  the  end  e  around  end  b. 
Proceed  In  this  manner  until  all  the  coUa  are  wound.  Fig.  27  gives 
an  Idea  of  the  appearance  of  the  armature  end  after  three  colls  bava 
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been  wound.  It  will  be  seen  that  every  second  space  between  the  pegs 
baa  two  ends.  The  Inner  end  of  the  first  coll  ts  connected  to  the 
outer  end  of  the  third  coll,  there  being  a  blank  coll  between  the  two, 
thus  forming  a  closed  or  re-entrant  winding.  Any  number  o(  lajers 
or  coavolutions  ma;  be  used  in  this  winding.  Fig.  2S  shows  a  similar 
winding,  that  can  be  used  for  two  layers  or  a  multiple  of  two.  The 
only  difference  la  that  the  second  coll  is  commenced  at  the  ending  of 
the  third,  and  so  on  until  ever;  space  Is  filled,  as  shown  In  Fig.  29. 
II  the  winding  when  completed  Is  to  be  tour  layers  deep,  the  colla 
from  1  to  15  Inclusive  will  have  two  layers,  and  the  remaining  colls 
to  be  wound  .will  also  have  the  same  number.    The  half  A  of  the  arma- 


ture will  have  no  ends  at  this  stage  of  the  winding.  The  second  set  of 
coila,  whose  ends  protrude  In  the  halt  A.  commences  at  15  and  extends 
around  to  1.  The  outer  end  of  one  coil  Joins  to  the  inside  ot  the  next. 
This  Is  clearly  shown  In  Flig.  2S,  where  end  3  ot  the  second  coil  Joins 
end  2  ot  the  flrst  coll,  and  so  on.  It  is  unnecessary  to  cut  the  wire,  as 
It  can  be  left  In  loops  as  shown  at  1,  2,  3.  etc.,  in  Fig.  29. 

We  will  now  turn  to  smooth-core  ring  armatures.  In  Fig.  30,  a  Is 
the  shaft  and  b  the  spider  hub,  to  which  are  attached  the  wings,  c,  c', 
c*,  and  (f,  bearing  the  ring  d.  The  winding  forms  a  continuous  spiral, 
the  end  2  of  coil  1  being  attached  to  end  3  of  col]  2,  etc.  As  the  space 
or  the  inner  surface  of  the  armature  is  less  than  tbat  of  the  periphery, 
the  winding  will  have  a  greater  number  ot  layers  Inside  than  on  the 
outer  surface.  An  exaggerated  view  ot  a. method  of  winding  to  accom- 
plish such  a  result  is  shown  in  Fig.  31.  The  wire  starts  at  a,  then 
passes  around  the  ring  and  comes  to  the  front  at  b.  passes  under  at  c. 
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and  returns  at  d.  It  ia  then  carried  under  at  e.  between  o  and  c.  etait- 
Ing  the  second  layer  on  tbe  Inner  surface.  From  f,  the  wire  goes  to  g. 
and  back  to  ft,  thence  to  i.  between  c  and  g.  coming  back  at  j.  Thus  we 
have  Ave  convolutions  and  one  layer  on  the  outer  surface,  and  two 
layers — one  of  three  and  one  of  two  convoluHons — on  the  Inner  surface. 
In  Fig.  32  the  application  of  the  clamp  Bbown  In  Fig.  33  Is  given. 
This  clamp  consists  of  two  wood  pieces.  /  and  f,  and  two  holts,  o  and 
(r*.  with  heads,  ft  and  h',  and  thumb  nuts,  i  and  i'.    This  clsmp  serves 


yt  ClBop  In  Ftff.  34. 


to  hold  tbe  wire  of  each  coll  In  position  while  winding,  and  Is  moved 
around  as  fast  as  a  coll  Is  completed.  Referring  again  to  Fig.  32,  the 
wood  piece,  e,  is  used  for  filling  the  gap  In  the  outer  surface  of  tbe 
winding  caused  by  tbe  spider  wings,  d,  d',  d*.  d*.  It  is  made  equal  In 
width  to  tbe  wing,  and  of  tbe  same  depth  as  tbe  winding.  In  balanc- 
ing an  armature  one  or  more  of  these  strips  may  be  removed  and  lead 
strips  wound  In  tape  substituted.  All  armatures  must  be  carefully 
balanced,  which  can  be  accomplished  by  several  methods,  one  of  which 
has  Just  been  mentioned.  If  the  air-gap  of  the  machine  baa  clearance 
enough,  solder  may  be  flowed  onto  the  bands.    With  slotted  armatures. 


P^ 


some  makers  bore  holes  In  tbe  core  on  the  heavier  side,  thus  equalla- 
ing  the  weight.  Another  method  Is  to  bind  a  piece  of  sheet  lead  on 
the  front  end  of  the  armature  over  the  lead  wires,  by  a  tape  and  cord. 
As  no  dcQnite  rule  can  l>e  given  for  soldering  lead  wires  Into  a  com- 
mutator, only  a  few  sugsestlons  will  be  offered.  Tin  the  slots  in  tbe 
segments  and  the  armature  leads  before  soldering.  See  that  the  slot 
is  flowed  full  of  solder.  Do  not  use  acid  for  fiux  on  small  wire,  as 
corrosion  will  take  place.  Be  extremely  careful  that  no  drops  of  solder 
lodge  between  or  back  of  the  segments.  Each  coll  should  be  tested 
for  grounds  as  It  ia  wound,  and  to  make  sure  that  the  right  ends  are 
connected.  A  convenient  testing  arrangement  was  explained  In  the 
previous  chapter  on  Repairs  to  the  Commutator,  and  can  be  applied  in 
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tbla  case  alao.  A  magneto  bell,  a  galvanometer  or  a  Wheatstone  bridge 
may  be  used  tor  testing  purposes. 

Fig.  34  gWea  two  views  of  a'clamp  that  Is  used  In  winding  armature 
bands,  a  being  a  hoop  of  band-iron,  with  Its  inside  diameter  equal  to 
the  outside  diameter  of  the  armature.  The  ends  &  and  b'  are  bent  up 
as  shown,  and  bored  to  receive  a  clamping  bolt,  c.  A  pin,  A,  Is  attached 
to  the  bnd,  &,  for  fastening  the  binding  wire.  Fig.  35  shows  clearly 
tbe  practical  application  of  the  clamp.  In  this  sketch,  a  Is  the  arma- 
ture; b.  the  clamp;  c,  the  piri;  d,  the  band  l>elng  wound;  e  and  /. 
finished  bands;  g,  mica  Insulation  under  bands;  h.  A',  and  h'.  brass 
clips  for  holding  tbe  bands  together.  The  lathe  centers  are  shown 
at  i  and  «'.  Tbe  end  of  the  brass  wire  j  passes  through  tbe  fiber  fric- 
tion blocks  in  the  toolpost. 

The  manner  of  winding  an  armature  Is  essentially  the  same  as  that 


of  a  commutator,  which  has  already  been  fully  described  lu  tbe  pre- 
vious chapter. 

A  completed  armature,  with  slots  of  the  type  shown  in  Fig.  20,  is 
Illustrated  in  Fig.  36.  Tbe  core,  with  wood  retaining  strips  driven 
Into  slots.  Is  shown  at  a.  Mica  strips  b  and  &',  under  bands  c  c.  are 
for  the  usual  Insulating  purpose.  Brass  chips  d  and  A'  are  attached  In 
the  regular  manner.  Armatures  with  wood  retain  I  ng-strips  In  slots 
require  but  two  bands,  which  are  wound  on  the  coll  ends  that  project 
beyond  tbe  core. 

A  method  of  protecting  the  ends  of  a  sOrtacewound  drum  armature 
Is  Illustrated  In  Figs.  37,  3S,  39,  and  40.  A  canvas  disk,  b.  Fig.  3S,  Is 
tied  by  a  cord,  c,  to  the  end  of  armature  o,  Fig.  37.  The  disk  is  then 
drawn  over  the  end  and  tied  temporarily  with  a  cord  d,  as  In  Fig.  39. 
The  armature  band  serves  to  hold  this  hcod  In  place  permanently. 
An  effective  manner  of  finishing  the  commutator  end  of  an  armature 
is  Illustrated  in  Fig.  40.  The  end  a  Is  wound  tightly  with  cord  about 
14  Inch  In  diameter,  as  shown  at  b.    Two  loops  of  string,  e  and  rf,  are 
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caught  under  the  laBt  two  or  three  turns  of  cord  and  the  end  d  1b 
passed  through  tbem.  atter  which  the  loops  are  drawn  up,  the  ends 
ttlmmed  off  and  the  cord  cut  close  to  the  last  loop.  After  the  arma- 
ture is  completed,  it  should  be  glTen  a.  thorough  coating  of  shellac 
aad  placed  tn  an  oven.  When  fully  dried  out.  put  on  two  even  coats 
of  P.  A  B.  compound,  which  gives  It  a  good  black  and  waterproof  flnish. 


rig.  41.    Ompblul 

As  a  complete  description  ot  the  numerous  styles  of  connecting  up 
armatureB  la  beyond  the  scope  of  this  book,  only  a  few  of  the  common 
types  will  be  taken  up.  For  further  information  on  this  subject  the 
reader  Is  referred  to  one  of  the  many  text-books  on  dynamo-electric 
machinery. 

Fig.   41   iUuBtrates,   graphically,   a  lap-winding.     The  poles  of  the 
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Pl»,4a.    DlBBnun  or  Hsnd-voiand  Armatnra.     Ma.  4S.    Tool*  ftir  Wlndliia  AnsBlnna. 

machine  are  represented  at  S,  N,  S,  N,  and  the  commutator  segments 
are  indicated  by  the  squares  a,  b,  c,  etc.  We  will  take,  for  example, 
the  col]  starting  at  b.  The  conductor  passes  over  the  left  face  of  tbe 
£  pole,  and  then  returns  over  the  middle  of  the  N  pole,  to  the  adjoin- 
ing segment,  c.  This  series  of  loops  is  continued  around  the  armature, 
forming  a  complete  circuit.    The  large  arrow  indicates  the  direction 
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In  wblch  tbe  conductors  are  moving,  and  the  small  arrow-beads  on  the 
wirea  ahow  the  diapoBitlon  of  the  current. 

A  diagram  ot  a  hand-wound  armature,  with  a  wave  winding,  U  shown 
In  Fig.  42.  To  avoid  complications,  nineteen  colls  only  are  shown. 
This  type  of  armature  Is  extensively  used  hy  the  Shaw  Electric  Crane 
Company.  The  small  white  circles  around  the  circumference  of  the 
armature,  as  at  b,  represent  the  first  layer  of  wire;  the  black  circles, 
at  a,  show  the  outer  layer.  The  dotted  lines  Indicate  the  conductors 
passing  over  the  bacic  end  of  the  armature.  Starting  at  the  commu- 
tator segment.  1,  the  conductor  goes  to  &,  then  to  c,  and  connects  to 
segment  10.  Here  we  start  a  new  coil,  going  to  d,  then  to  e.  and  con- 
necting to  segment  19.  one  space  from  the  starting  point.  The  third 
coil  starts  here  and  leads  to  /,  and  so  on  until  one  layer  Is  completed, 
when  one^iuarter  of  the  circumference  of  the  armature  on  each  side 
will  have  ends  protruding,  that  is,  the  first  quarter  will  have  leads, 
the  Becond  will  be  blank,  the  third  will  have  leads  again,  and  the 
fourth  will  he  blank.  Start  the  second  layer  at  the  end  of  the  first 
one.  When  the  winding  is  completed,  each  slot  will  have  two  ends. 
as  shown  in  the  figure.  An  armature  with  formed  coils  can  be  con- 
nected in  a  like  manner.  A  few  handy  tools  can  t>e  made  from  fiber; 
they  are  shown  at  a,  b,  and  c,  In  Fig.  43.  These  tools  are  used  for 
driving  the  wires  into  place,  etc. 

Rewinding  an  armature  requires  great  care  and  neatness.  The 
dimensions  and  shape  of  the  original  winding  should  alfrays  he  closely 
followed,  as  an  armature  which  Is  but  a  fraction  ot  an  inch  too  large 
is  useless. 
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BEFAIB8    TO    ARMATURE    AND    FIELD    COILS. 

An  illustration  ot  an  armature  coll  of  th«  most  common  type  now 
in  use.  Is  gWen  In  Fig.  44.  This  coll  requires  somewhat  more  labor 
to  prepare  than  does  the  rectangular  form,  but  is  much  easier  to  use 
when  rewinding  armatures,  as  no  portion  of  it  passes  over  the  end; 
and  It  has  the  further  advantage  of  allowing  better  ventilation. 
Another  type  in  use  Is  the  plain,  rectangular  form,  shown  in  Fig.  49. 
Such  a  coil  is  easilr  made,  but  requires  considerable  manipulation 
after  It  ts  placed  In  the  armature.  The  forms  over  which  these  two 
styles  ot  colts  are  wound  are  similar  in  design  but  different  in  shape. 
Fig.  45  shows  a  form.  In  which  a  Is  a  standard  fastened  to  bench  or 
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floor,  and  a  slot  Is  cut  down  through  the  center  ot  this  standard  to  a 
point  two  or  three  Inches  t>elow  the  crank.  A  small  bolt,  I,  with  thumb- 
nut,  Is  provided,  to  place  a  tension  on  the  crank,  by  drawing  up  the 
slot.  This  Is  plainly  shown  in  the  figure.  For  the  form  proper  .we 
require  a  piece  of  hard  wood,  b,  rounded  at  the  ends,  d  and  d',  the  size 
and  shape  of  this  piece  conforming  to  the  Interior  ot  the  coll  to  be 
wound;  and  two  side  pieces  ot  wood,  c  and  C,  slightly  larger  In 
dimensions  than  the  center  piece,  so  that  when  placed  on  either  side 
concentrically  with  the  center,  a  spool  Is  formed.  The  side  c  Is  fast- 
ened permanently  to  i,  while  c'  Is  held  In  place  by  two  thumb-nuts, 
e  and  «',  which  allows  the  coll  to  l>e  readily  detached  from  the  form. 
The  flange  /  Is  attached  to  the  short  shaft  with  crank  and  handle  ;. 
The  illustration  shows  elevation  and  side  view.  The  notches,  g  and 
g'.  h  and  h'.  i  and  i',  are  for  fastening  the  ends  of  the  wire  and  for. 
the  retaining  strips,  which  will  be  explained  later. 
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Pig.  46  gives  plan  and  end  views  of  the  shaper  tor  shaping  coils  ot 
the  style  shown  in  Fig.  44,  In  which  g  is  the  wood  base,  a  is  tlie  coil 
that  has  been  shaped,  J>  and  b'  the  clamps:  c.  d,  e  and  /,  wooden 
stripe,  of  the  shape  Indicated.  The  pieces  d  and  e  are  fastened  to  the 
base  g  by  screws.  The  operation  of  this  shaper  will  be  taken  up  In 
Its  turn.  Fig.  47  represents  a  reel  of  magnet  wire,  a,  swung  on  a  suit- 
able support,  b,  and  provided  with  a  tension.  The  tension  consists  of 
a  piece  of  hard  brass  wire,  about  No.  10  or  12,  fastened  to  base  b  and 
passing  around  a  groove  In  one  side  of  the  reel  to  a  weight,  d.  With 
the  wire  e  paying  o(F  In  the  direction  indicated,  the  desired  amount  of 
tension  may  be  placed  on  the  reel  by  varying  the  size  of  the  weight. 

Fig.  48  represents  a  handle  (or  guiding  the  wire  onto  the  form.    This 


handle  should  be  made  of  fiber  or  hard  wood.  The  end  c  la  beveled 
off  as, shown.  A  bote  or  slot,  b,  extends  through  the  handle,  through 
which  the  wires  pass.  The  bandlB  Is  Iteld  In  the  left  band,  while  the 
form  Is  rotated  with  the  right  hand  by  means  ot  the  crank  already 
mentioned.  Some  styles  ot  colls 'are  wound  with  two  or  more  wires 
laid  on  In  parallel  at  one  time.  The  reason  for  this  Is  that  In  ma- 
chines of  considerable  size,  a  single  conductor  ot  sufDclent  carrying 
capacity  would  be  too  stiff  for  handling.  Under  such  conditions  the 
handle  should  have  a  slot  at  b  Instead  of  a  hole,  and  a  separate  reel 
for  each  conductor  should  be  provided,  one  placed  bacli  ot  the  other. 

The  materials  used  In  armature  colls  are:  Double,  cotton  covered 
magnet  wire,  ^-  or  ^-Inch  cotton  tape.  Insulating  tape,  a  good  quality 
of  orange  shellac,  and  some  strips  of  1/32-lnch  sheet  brass.  The  cotton 
tape  can  be  procured  at  any  department  store  In  rolls  of  various  sizes. 

A  drying  oven  is  an  essential  part  of  an  electrical  repair  shop,  and 
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wben  tbere  is  steam  or  gae  lo  the  building  It  la  an  easy  matter  (o 
provide  one.  Its  capacity  must  t>e  determined  by  the  size  and  quantity 
of  the  work  to  be  done.  An  angle-iron  trame,  with  iyi6-lnch  Iron  or 
Bteel  lagging  for  etdtng  and  doors,  makes  an  eicellent  oven.  The  doora 
should  be  on  the  front  and  extend  trom  top  to  bottom.  The  interior 
of  the  oren  must  be  provided  at  the  lower  portion  with  a  suitable 
stand  for  holding  armatures,  and  above  the  stand,  metal  racks,  tor 
drying  coils  and  commutators.  Steam  colls  or  gas  burners  may  be 
used  for  beating  the  oven.  A  good  temperature  tor  drying  is  about 
200  degrees  F.  Too  much  care  cannot  be  taken  in  following  the  dimen- 
sions of  old  colls,  as  a  little  variation  will  cause  trouble  when  placing 
the  new  colls  In  an  armature. 
In  general,  do  not  use  metal  for  driving  wires  into  place;  use  bard 


wood  or  fiber.  If  any  bare  spots  appear  in  course  of  winding,  insulate 
them  at  once.  Do  not  cut  the  ends  of  the  wire  too  short.  It  is  easier 
to  cut  oD  a  little  more  than  to  splice  on.  Tape  the  coils  tightly  and 
let  the  convolutions  lap  well,  so  that  they  will  not  pull  apart  when 
shaped.  The  lead  wires,  or  ends  of  colls,  should  be  carefully  covered 
with  insulating  tape.  Soldering  in  of  lead  wires  Is  greatly  facilitated 
by  tinning  the  ends  before  driving  tbem  Into  the  commutator  slots. 
The  beginner,  undoubtedly,  will  have  to  moke  several  attempts  before 
completing  a  perfect  coil.  Neatness  is  of  great  importance,  and  every 
portion  should  be  well  done  Iiefore  proceeding  further. 

We  will  now  wind  and  insulate  a  coil,  and  follow  out  each  detail. 
Assume  that  a  set  of  coils,  similar  to  that  shown--ln  Fig.  44,  is  to  Im 
made.  It  is  supposed  that  the  winder  has  one  of  the  old  colls  for 
Inspection,  With  a  wire-gage  determine  the  size  of  wire,  and  note 
whether  one  or  more  wires  are  run  in  parallel  for  one  conductor.  This 
done,  carefully  unwind  one  turn  and  measure  its  length;  this  will  be 
the  circumference  of  the  form  to  wind  the  new  coll  on.    A  coil  of  thig 
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Btfle  should  be  wound  on  a  long,  narrow  form,  similar  to  that  sbown 
In  Fig.  46.  Some  aimaturee  have  two  colls  per  slot,  that  is,  two  collB 
made  up  as  ooe.  with  their  respective  ends  brought  out  separately. 
Coneider  that  we  are  about  to  wind  a  double  coll,  with  two  wires  In 
parallel  for  one  conductor.  This  will  necessitate  winding  on  four 
wires  at  one  time. 

Arrange  four  reels  of  magnet  wire,  one  back  of  the  other,  and  push 
the  four  ends  through  the  slot  In  one  guide.  Suppose  the  desired 
length  of  the  armature  leads,  or  coil  ends,  to  be  six  inches.  Now 
bend  at  right  angles  the  two  right-hand  wires,  about  six  Inches  from 
the  ends  passed  through  the  guide,  then  bend  the  two  left-hand  wires 
In  the  opposite  direction.  This  being  done,  Blip  the  two  pairs  of  bent 
ends  into  the  slots  g  and  o'  In  the  manner  shown  at  r  and  r".  Fig.  45. 
Say  that  the  coil  Is  four  convolutions  wide  and  three  layers  deep. 
Having  secured  the  ends  as  described,  turn  the  crank  two  and  one-half 
times,  bringing  tbe  outer  ends  of  the  coll  through  the  slots  on  the 
opposite  side  to  g  and  g',  using  care  to  retain  tbe  ends  In  tBeIr  original 
order.    During  the  winding  process  tbe  guide  should  be  held  firmly  in 
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the  left  hand,  and  the  wires  pulled  down  tightly  Into  the  form.  Now 
cut  oft  tbe  wires  from  the  reels,  leaving  six-inch  ends  on  the  coll,  as 
at  tbe  beginning. 

Cut  four  narrow  strips  of  1/32-Inch  brass,  about  1  inch  long,  and 
slip  one  under  the  coll  through  the  slots  ft  and  h',  t  and  i',  and  also 
through  tlie  four  corresponding  slots  on  the  opposite  side  of  the  form. 
Bend  the  strips  up  over  the  coll,  and  tap  down  lightly  with  a  mallet, 
taking  care  not  to  break  the  Insulation,  Loosen  the  tbumb-nuts,  e  and 
e",  slip  oft  the  side  c",  and  remove  the  coll..  Make  up  the  desired  num- 
ber of  coils  In  this  manner  before  Insulating  them.  Having  completed 
the  winding,  cover  with  good  Insulating  tape  the  tour  ends — that  is. 
the  eight  wires.  These  leads  should  be  covered  from  tbe  point  where 
they  bend  through  slots  in  the  form,  to  about  one  inch  from  the  end. 
The  next  operation  is  to  carefully  wrap  the  whole  coll  with  cotton 
tape,  giving  it  the  appearance  sbown  In  Fig.  44.  The  leads  must  be 
left  protruding  the  distance  covered  with  insulating  tape. 

We  will  DOW  shape  the  coll,  as  In  Fig.  46.  The  two  halves  ot  the 
coll,  after  being  taped,  should  be  pressed  closer  together,  -giving  the 
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eoll  the  appearance  BhowD  at  A,  Fig.  44.  loBert  ODe  ot  the  balves 
between  tbe  stripB  c  and  d,  and  clamp  It  tlgbtly.  With  tbe  protrudine 
hair  graeped  wltb  both  bands,  pull  It  over  tbe  strip  e  luxi  clamp  as 
shown,  With  a  smali  fiber  mallet,  pound  the  ends  Into  BTmmetrlcal 
shape.  Remove  from  sbaper,  and  immerse  in  a  suitable  receptacle 
filled  with  tbin  sbellac.  Wben  thoroughly  impregnated,  allow  super- 
fluous shellac  to  drip  oD,  and  place  in  oven  to  bake.    Tbe  rectangular 


coJI  shown  in  Fig.  49  can  be  made  on  a  form  similar  to  the  one 
described,  having  its  dimensions  correspond  to  the  shape  of  tbe  coiL 
A  little  practice  will  render  the  workman  proficient,  and  enable  him 
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1  be  purchased  from  electric  manufac- 
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to  turn  out  as  good  wo 
Curing  companies. 

Sep  airing  Field  Colls. 
Fig.  GO  gives  a  view  of  a  form  tor  winding  coils  that  have  no  spools. 
The  shape  of  this  form  depends  on  the  style  of  the  coll  to  be  wound. 
The  form  Is  clamped  to  a  lathe  face-plate  either  by  bolts  extending 
through  the  form  or  through  the  side  b.  Dowel  pins  c  and  c'  serre  to 
hold  the  side  b'  from  twisting,  and  the  bolt  d  and  the  nut  e  bold  the 
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wbole  form  together.  Fig.  51  represents  a  guide  tbat  ia  held  In  the 
tocl-poBt  at  a  latbe.  Attached  to  the  piece  a  Is  a  grooved  wheel,  b.  over 
which  the  wire  trom  the  reel  runs.  The  same  arrangement  of  reels 
can  be  employed  in  winding  field  colls  tbat  Is  used  with  armature 
collB.  Fig.  52  shows  front  and  aide  views  of  a  connector,  which  con- 
Bists  of  a  piece  of  sheet  copper,  b,  rolled  up  at  the  end,  c.  and  sweated 
into  a  aieeve,  a,  at  the  oppoolte  end.  The  sleeve  baa  a  set-screw,  d,  for 
outBlde  connections  on  the  machine. 

A  very  ccnvenieot  way  of  securing  the  last  turn  of  wire  Is  shown 

i 


in  Fig.  63.  Here  a,  b,  c,  d,  and  e  represent  the  convolutions  ot  wire: 
/  is  a  loop  of  cotton  tape  with  its  ends  protruding  at  g.  The  loop  1b 
laid  on  the  coti  before  the  turns  c  and  rf  are  made,  then  the  end  of 
the  wire,  ft,  is  pushed  through,  and  the  loop  f  is  drawn  tight  by  pulling 
on  the  ends  at  o- 

We  win  now  Btart  to  wind  a  coil.    Flrat,  bolt  the  form  to  the  face- 
plate of  the  latbe,  then  arrange  the  reel  conveniently  for  paying  oO 
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the  wire.  Solder  a  connector  like  tbat  shown  in  Fig-  52  to  the  end  of 
the  wire,  and  tape  thoroughly.  Catch  the  connector  behind  the  pin  /. 
provided  for  that  purpose  (Fig.  50).  and  proceed  to  wind.  The  wire 
running  over  a  guide  wheel  in  the  tool-post  enables  the  operator  to  use 
the  tool  carriage  for. guiding  the  wire  as  it  is  wound.  With  a  little 
practice  the  operator  will  be  able  to  run  the  tool  carriage  backward 
and  forward  with  enough  skill  to  permit  considerable  speed  in  winding. 
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The  connectors  can  be  made  in  diDerent  lengths  and  widths  for  vary- 
ing styles  of  colls.  Tbe  connector  for  the  outer  end  of  coll  will,  ol 
course,  be  short,  allowing  tbe  sleeve  a  to  come  on  outside  of  insulation. 
Having  wound  tbe  desired  number  of  turns  onto  form,  finish  tbe  end 
with  a  loop  of  tape,  as  shown  In  Fig.  53,  and  solder  on  outside  con- 
nector. Colls  wound  of  wire  fine  enough  to  be  flexible  do  not  require 
connectors,  as  the  wire  Itself  may  be  left  protruding  through  tbe  cov- 
ering. Before  starting  the  winding,  several  pieces  of  cord  or  cotton 
tai>e  must  t>e  laid  across  the  form,  with  ends  long  enough  to  tie  over 
the  completed  coll.  Having  completed  the  winding  of  coil,  taiie  off 
the  side  of  form,  b',  and  remove  the  coll.  Different  manufacturers  have 
various  methods  of  Insulating  their  colls,  and  It  Is  always  well  to 
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r  coll  In  the  same  manner  that  the  original  coll  was  cov- 


'  Faults  In '  Armature. 


It  is  very  desirable  to  be  able  to  locate  faults  in  motor  or  generator 

armatures  around  shops  with  simple  apparatus  that  may  be  on  band. 

A  method  which  baa  proven  very  reliable  and  requires  only  a  few  cells 

of  battery  and  a  telephone  receiver  Is  given  below. 

Testa  for  Open  Circuit. 

Clean  the  brushes  and  commutator,  and  apply  current  from  a  few 
cells  of  battery  having  a  telephone  receiver  in  circuit  as  shown  In 
Fig.  54.  It  tbe  machine  has  more  than  two  brushes,  connect  the  leads 
to  two  adjoining  brushes  and  raise  the  balance.  Now  rotate  the  arma- 
ture slowly  by  hand  and  there  will  be  a  distinct  click  In  the  receiver 
as  each  segment  passes  under  the  brushes  until  one  brush  bears  on  the 
segment  at  fault,  when  the  clicking  will  cease.  Note  that  the  brushes 
must  not  cover  more  than  a  single  segment. 
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If,  on  rotating  the  armature  completely  around,  the  receiver  Indi- 
cates no  break  In  the  leads,  connect  the  battety  leads  directly  to  the 
brushes,  as  shown  In  Fig.  55,  and  touch  the  connections  from  the 
.receiver  to  two  adjacent  bars,  working  from  bar  to  bar.    The  clicking 


should  be  substantially  the  same  between  any  two  commutator  bars; 

if  the  clicking  suddenly  rises  In  tone  between  two  bars,  it  Is  Indicative- 

of  a  high  resistance  in  the  coll  or  a  break  (open  circuit). 

Test   tor  Short  Circuit. 

Where  two  adjacent  commutator  bars  are  in  contact,  or  a  coil  be- 


tween two  s^meuts  becomes  sbort-clrculted,  the  bar  to  bar  test  Just 
described  will  detect  the  fault  by  the  telephone  receiver  remaining 
silent.    If  a  short  circuit  Is  found,  the  leads  from  the  receiver  should 
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tben  include  or  straddle  three  commutator  bars,  aa  shown  In  Fig.  56. 
The  normal  click  will  then  be  twice  that  between  two  BegmentB  until 
the  coils  In  fault  are  reached,  when  the  clicking  will  be  lees.  When 
tblB  happens,  test  each  coll  for  trouble  and.  If  indivlduallr  they  are 
all  right,  the  trouble  Is  between  the  two. 

Test  for  Qroiinded  Armature. 
Place  one  terminal  of  the  receiver  on  the  shaft  or  frame  of  the 
machine,  and  the  other  on  the  commutator.  If  there  Is  a  click  It  indi- 
cates a  ground.  Move  the  terminal  attout  the  commutator  until  the 
least  clicking  is  heard  and  at  or  near  that  point  will  be  found  the 
contact.    Grounds  In  Held  colls  can  be  located  in  the  same  manner. 
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WINDING    OP    DIEBCT-CUBBBNT   ARMATTJBES. 

The  followlDg  detailed  description  by  Mr.  A.  C.  Jordan,  of  the  vari- 
ous operations  perrormed  by  an  armature  winder,  accompanied  by 
precise  directions  and  data,  originally  appeared  In  the  Electric  Journal, 
Decemlier,  1905,  and  was  published  In  Machineby,  March,  1906.  The 
types  of  armatures  to  which  this  description  apply  are  those  used  In 
direct-current  railway  motors,  crane  and  hoisting  motors,  vehicle 
motors,  bipolar  motors  and  belted  generators  up  to  100-kllowatt  ca- 
pacity. 

The  tools  used  by  an  armature  winder  are  as  tollows: 
1  shoe  knife, 
1  pair  seven-Inch  shears, 
1  pair  elgbt-lucit  pliers, 
1  ten-Inch  screw-driver. 


1  three-pound  rawhide  mallet. 

1  smalt  steel  riveting  hammer, 

1  wedging  tool  (See  Fig.  ET), 

1  heavy  steel  drift  (See  Pig.  58); 

Also  an  assortment  of  fiber  drifts  of  varying  width, 
length  and  thickness  (See  Fig.  69). 
The  rawhide  mallet  is  used  In  driving  the  coils  Into  the  slots  by 
means  of  the  fiber  drifts,  and  in  bending  the  coils  Into  shape.  The 
steel  hammer  Is  used  lor  straightening  laminations  or  finger  plates.  It 
should  never  be  used  In  bending  colls  or  on  any  of  the  drifts.  The 
wedging  tool  made  from  a  cold  chisel  is  used  In  driving  wedges  Into 
the  slots  as  a  hammer  would  Injure  the  Insulation  o(  the  colls  and 
might  bend  the  laminations. 

An  armature  core  Is  built  up  of  soft  sheet  steel  laminations.    These 
are  stamped  of  the  desired  shape  and  carefully  annealed.    The  stamp-  • 
Ings  are  then  built  up,  and  keyed  to  a  shaft  or  spider  and  held  securely 
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In  place  by  end  plates.  Ventilating  epacea  are  lelt  next  ttie  abaft  or 
spider  and  air  ducts  are  distributed  at  Interrala  through  the  punchlnga 
by  putting  In  spreaders  to  hold  the  lamlnatlone  apart.  The  armature 
in  rotating  draws  in  air  through  the  ventilating  spaces  nest  the  shaft 
and  forces  It  out  through  the  ducts,  thus  furnishing  a  simple  and 
effective  means  of  ventilation.  After  the  core  Is  aaaembled,  the  slots 
are  filed  to  remove  any  projecting  burrs;  If  these  were  not  removed, 
the  Insulation  of  the  coll  might  be  torn  when  a  coll  is  driven  into  the 
Blot  and  cause  grounds  and  short  circuits  In  the  winding. 

OperatloDB  Betore  Placina  Coile  on  the  CDr«. 
The  core  la  mounted  in  a  winding  lathe,  as  shown  in  Fig.  60,  If 
4uck  blankets  are  used  they  should  be  placed  on  the  shaft  before  the 
core  ia  placed  In  the  winding  lathe.  If  a  blocli  Is  used  on  the  rear  end 
of  the  armature  core  to  shape  the  colls  as  they  are  wound  or  to  pro- 
tect the  cast  Iron  end-bell,  the  block  sbouicl  be  placed  on  the  shaft 


before  mounting  in  the  lathe  so  that  it  will  not  be  necessary  to  remove 
the  core  after  It  is  partly  wound.  The  core  should  be  placed  In  the 
lathe  with  the  commutator  end  at  the  winder's  left.  The  commutator 
end  of  an  armature  may  be  diatingulabed  by  the  key-way  cut  in  the 
ahaft  next  to  the  core  for  the  commutator  key;  also  on  railway  arma- 
tures the  shaft  opposite  the  commutator  end  Is  beveled  and  threaded 
to  fit  the  pinion  as  In  Fig.  81. 

A  description  of  the  winding  of  what  Is  known  as  a  No.  38  B  railway 
motor  will  be  given  in  detail: 

The  core  of  thla  armature  Is  built  on  the  shaft  and  has  three  ven- 
tilating ducts  parallel  to  the  shaft  There  are  45  Blots,  Theae  slots 
are  relatively  narrow  as  compared  with  the  width  of  the  teeth.  It  will 
be  seen  from  Fig.  €4  that  the  end  plate  of  the  commutator  end  fits 
against  a  shoulder  turned  on  the  shaft.  The  rear  end  plate  Is  held 
In  position  by  a  nut  which  Is  screwed  on  to  the  shaft  and  held  In  place 
hy  a  set-screw.  Two  duck  blankets  are  uaed  on  this  armature.  They 
should  be  placed  on  the  shaft  with  the  wider  side  of  the  blanket  out 
and  with  the  seam  toward  the  core.    The  core  should  be  Inspected  to 
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see  whether  any  of  the  laminations  or  Angers  project  into  the  slots. 
The  steel  drltt  and  rawhide  mallet  are  u»ed  to  clear  the  slot  of  any 
of  these  projections. 

■     CeJlB. 
In  each  slot  are  placed  cells  ot  pnrafflned  express  paper.    They  are 
made  of  a  width  such  that  when  folded  and  placed  In  the  slots  the 
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edges  will  project  above  the  core,  and  thus  protect  the  coils  as  they 
are  placed  In  the  slots.  The  cells  are  stiff  enough  so  that  when  hent 
into  the  slots  they  are  not  easily  shaken  out,  aa  the  armature  is  rft- 
yolved  In  winding.  If  any  cells  are  longer  than  the  slots  they  should 
be  cut  off  so  that  hoth  ends  of  the  cells  will  he  fiush  with  the  ends  of 
the  a  lots. 

Coils. 


In 


Inding  this  armature,  45  complete  colls  are  used.     Each  cc 
.,  complete  coli  (See  Fig.  65),  Is  made  by  assembling  in  a  cell  thi 


it, 


individual  colls  each  consisting  of  two  turns  of  No.  9,  double  cotton 
covered  wire.  Each  slot  contains  one  side  ot  each  of  two  different  colls. 
One  side  of  a  coll  Is  put  in  the  bottom  of  one  slot  and  the  other  side 
in  the  top  of  another  slot.    Three  wires  or  leads  are  brought  out  from 
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eacb  Bide  of  the  coll  on  the  uader  aide.    ThU  type  of  coll  Ib  kaown 
as  a  "three-lead  coll." 

TaptDK- 

-The  middle  lead  of  the  three  coming  from  the  bottom  side  of  the 

coll  Is  taped  with  black  tape,  the  outBlde  lead  Is  taped  with  white  tape, 

and  then  all  three  leadB  are  taped  together.    The  top  leadB  are  not 

taped  but  are  bent  up  and  outward,  as  shown  In  Fig.  62. 

Putting:  Oolle  In  tbe  Slots, 

Beginning  wltb  any  slot  the  bottom  of  a  coil  Is  placed  la  It  bo  that 
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each  end  of  tbe  coll  is  at  Em  equal  distance  [rom  the  core,  the  top  ot 
the  coll  restlQK  on  the  core.  The  bottom  of  the  coll  Ib  forced  to  the 
bottom  of  the  slot  by  means  of  the  fiber  drift  and  mallet.  Call  this 
slot  No.  1.  and  count  toward  the  top  of  the  coll  «ntll  slot  No.  11  la 
reached.  Start  tbe  top  of  the  coll  In  this  slot.  This  Is  called  a  throw 
of  1  and  11.  or  simply  11.  The  tops  of  tbe  first  ten  colla  are  not  forced 
into  tbe  Blots  as  they  must  be  taken  out  when  the  last  ten  colls  are 


put  In  place  (See  Fig.  62).  Tbe  bottom  of  the  next  coll  Is  placed  In 
slot  No.  45,  and  the  top  in  No.  10.  After  the  first  eleven  coils  are  In 
place  the  tops  should  also  be  driven  Into  the  slots.  Continue  In  this 
manner  around  the  armature  until  slot  No.  11  is  reached.  Beginning 
with  slot  No.  45,  take  out  the  tops  of  all  the  colls  up  to  and  Including 
tbe  one  In  No.  11  slot  and  bend  them  away  from  the  armature  bo  that 
the  botttm  sides  of  the  last  ten  colls  can  be  placed  In  tbe  Blots.  After 
the  last  ten  coils  have  been  placed  tn  position,  the  tops  of  the  colls 
which  were  removed  to  make  place  for  the  last  ten  colls  are  put  In 

A  piece  of  heavy  wire  la  wrapped  around  the  coils  at  each  end  juat 
outside  the  core  and  tightened  with  the  pliers  as  llrmlj  as  possible. 


This  Is  to  bold  the  colls  In  the  slots  white  the  winding  Is  being  tested, 
trued  and  connected.  If  the  upper  leads  are  not  bare  at  tbe  outer 
ends,  tbe  insulation  should  be  scraped  from  tbem  for  about  three 
Inches.  All  the  upper  leads  are  then  connected  by  a  fine  copper  wire. 
Care  must  be  taken  that  no  leads  touch  the  core  or  shaft  as  the  leads 
ale  not  required  to  be  Insulated  Bufficieutly  to  withstand  the  voltase 
used  in  tbe  insulation  test.    This  test  codsIsIb  In  applying  3,600  volts 
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between  the  windtng  and  the  core.    It  the  test  BhowB  a  ground  in  anr 
coll,  the  coll  1b  remoTed  and  a  new  one  substituted. 

After  the  armature  haa  passed  the  insulation  test,  the  tops  of  the 
slot  cells  are  cut  oft  eren  with  the  core.  Then  the  tops  and  ends  of  the 
coils  are  trued.  To  do  this  the  armature  is  revolved  In  the  tathe  and 
a  piece  of  chalk  Is  held  so  that  In  turning  the  armature  It  will  mark 
the  coIIb  that  project.  Theae  are  then  driven  down,  or  the  othera  are 
brought  out  even  with  the  high  ones.  The  fronts  of  the  colls  are  then 
trued.  In  Fig.  66  parts  of  the  winding  being  trued  are  marked  with 
white  chalk.  The  blankets  are  next  fitted  over  the  front  ends  and 
sewed  (HI  with  a  curved  needle  and  wax  thread.  The  thread  is  passed 
Id  under  the  ends  of  the  coils  and  brought  up  through  them  near  the 
core  and  tied  flrml?  over  the  blankets.  They  should  be  tied  In  at  least 
six  different  places.     The  blankets  are  to  separate  and  inaulate  the 
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leads  from  the  ends  of  the  coils  alter  the  leads  are  connected  to  the 
commutator  (See  Fig.  63). 

The  winder  then  stands  on  the  opposite  side  of  the  lathe  and  takes 
the  l»ttom  lead  of  any  coil  and  counts  seven  slots  In  a  clockwise  direc- 
tion facing  the  commutator.  This  lead  is  bent  up  and  acrosB  the  ends 
of  the  coils  and  held  In  place  by  the  lead  from  the  seventh  Blot.  Pro- 
ceeding In  the  same  manner  around  the  armature  in  a  counter-clock- 
wise direction  facing  the  commutator,  all  of  the  lower  leads  are  bent 
like  the  first  one  and  secured  by  the  upper  leads.  This  flnlBhes  the 
operation  of  winding.  The  armature  is  now  ready  to  have  a  commu- 
tator pressed  on, 

Preaalnr  on  Commutator. 

Smalt  commutators  are  pressed  on  to  the  shaft  by  a  hand  press.  AH 
of  the  larger  commutators  are  pressed  on  by  meane  of  a  power  press. 
In  Fig.  67  is  shown  a  hand  press.  The  plate  B  is  used  in  removing 
old  commutators.    It  Is  placed  back  of  the  commutator  as  at  x  if  with 
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tbe  Blot  C  over  the  shaft.  Bolts  ab  are  passed  through  the  holes  oo 
In  tbe  plate  and  secured  by  nuts.  The  commutator,  can  then  be  forced 
off  the  shaft.  In  prenlng  on  a  commutator,  a  sleeve  Is  placed  over  the 
shaft  at  O,  and  rests  against  tbe  commutator.  Tbe  rear  end  of  tbe 
shaft  is  secured  so  It  will  withstand  the  pressure,  and  the  commutator 
is  forced  on.  Tbe  power  presses  are  built  on  the  principle  of  a 
hydraulic  press.  In  pressing  on  a  commutator  a  piece  of  babbitt  metal 
or  soft  brass  should  be- painted  with  wblte  lead  before  haying  the 
commutator  pressed  on,  in  order  to  lubricate  tbe  shaft  so  that  the 
commutator  will  press  on  easily.  The  wiper  rings  are  pressed  on 
after  tbe  commutator  and  then  tbe  armature  Is  ready  to  be  connected. 

OonneotlQff. 

Tbe  flrst  operation  necessary  In  connecting  Is  to  "iKj-oV  the  com- 

mutator.     In  "laylng-off"  the  upper  and  lower  leads  of  any  coll  are 
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found  by  means  of  a  Ilgbtlng-out  set  The  slots  which  contain  this 
coll  are  marked  with  cbalk.  In  connecting  a  No.  38  B  railway  motor 
armature  tbe  following  should  be  noted:  There  are  135  bars  In  the 
commutator.  The  throw  of  coll  Is  t  and  11  and,  as  tbe  winding  la 
progressive,  the  commutator  throw  equals 
numl>er  of  bars  +  8 

=  6»,  or  1  and  69. 

S 
With  this  commutator  throw  the  center  of  the  throw  will  be  a  bar. 
The  throw  of  a  coll  Is  1  and  11,  therefore,  the  center  of  a  coil  throw 
will  be  a  slot.  Hence  every  slot  should  line  up  with  a  bar.  By  hold- 
ing a  pencil  on  the  commutator  perpendicular  to  it  and  sighting  along 
the  Bide  of  a  coil  the  bar  opposite  tbe  center  of  tbe  slot  la  which  tbe 
Bide  lies  may  be  located  as  at  ^  In  Fig.  6S.  Mark  this  bar  with  a 
colored  pencil.  Find  the  bar  opposite  the  other  side  of  the  coil,  as 
at  B,  and  mark  with  tbe  pencil,  calling  the  slot  in  line  wl^  A,  No.  1. 
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Count  20  ban  from  A,  In  a  clockwise  direction  and  mark  this  twr 
No.  1.  Also  count  20  ban  from  B  In  a  counter  clockwise  direction  and 
mark  this  bar  No.  69.  Count  from  this  bar  to  and  IncludloK  bar  No.  1 
and  there  should  be  69  bars.  Also  there  should  be  29  bars  between  A 
and  B.  DBACia  called  the  forward  throw  and  DC  ia  tbe  back  tbrow. 
It  Is  seen  that  the  back  throw  Is  G6  or  throe  less  than  the  forward,  as 
it  always  will  be  In  a  four-pole,  progresalve  wave-wound  armature.  If 
an  armature  Is  wound  retrogroaslvely  the  forward  and  back  throws 
differ  by  one.  It,  In  laTlng-ofl,  the  center  of  the  slot  does  not  come 
Id  line  with  a  bar,  find  one  that  will  line  up  with  a  bar  and  proceed 
as  above. 
The  38B  armatura  has  three  leads  on  esch  side  of  a  coil  and  as    . 


n^.  es. 

there  are  136  bars,  there  ts  no  Idle  coll  In  this  winding.  Place  the 
middle  lead  of  the  three  coming  from  the  bottom  of  slot  No'.  1  in  bar 
No.  1,  tbe  outside  lead  in  bar  No.  136  and  the  inside  lead  in  bar 
No.  2.  Next  take  the  lower  leads  from  slot  No.  3  and  place  them  In 
bars  No.  3,  4,  and  6.  The  Insulation  should  be  removed  from  the  leads 
wbere  they  aro  to  be  soldered  to  the  commutator  necka.  They  are 
driven  to  the  bottom  of  the  slot  by  means  of  a  tool  similar  to  the 
wedging  tool  only  much  thinner.  The  lower  leads  are  all  placed  In  the 
commutator  and  then  they  are  "llghted-out" 
Ugbtlns-out. 
The  purpose  of  IlBbtlng-ont  is  to  see  that  .there  are  no  grounds  or 
short  circuits  between  the  bars  or  colls,  and  to  see  if  the  leads  aracon- 
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nected  to  the  proper  bare.  The  Ushtlog-out  set  conalste  sf  two  terml- 
nala  connected  In  series  with  a  IID-Tolt  incandeecent  lamp  to  Uie  110- 
volt  service  lines. 

One  terminal  ol  the  llgbtlng-out  set  ts  placed  on  bar  No.  1  and  tbe 
other  on  the  middle  lead  coming  trom  the  top  of  same  coll.  Tbe  lamp 
should  light.  Next  move  the  terminal  on  commutator  bar  No.  1  to 
bar  No.  2  and  II  tbe  lamp  lights  It  shows  a  ehort-ctrcuit  between  bars 
or  between  colls.  If  the  lamp  does  not  light  tbe  upper  terminal  Is 
moved  to  the  next  lead  counter-clockwise,  when  the  lamp  should  light; 
H  not.  find  the  bar  on  which  It  will  light  and  bring  the  wire  connected 
to  that  bar  to  tbe  proper  bar.  Continue  In  this  manner  around  tbe 
commutator.  After  the  winding  is  lighted-out.  the  ends  of  tba  leads 
projecting  out  over  the  commutator  beyond  the  neck  are  cut  off  and 
saved,  as  they  are  to  be  used  again. 

Two  layers  of  friction  clotb  are  then  wound,  over,  the  lower  leads 
and  then  tbe  upper  leads  may  he  connected.  Tbe  center  lead  from 
slot  11  is  connected  to  bar  No.  69.  tbe  outside  lead  Is  connected  to 
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bar  TO,  the  Inside  lead  from  slot  No.  12  Is  connected  to  liar  No.  71,  and 
BO  on  around  the  armature.  After  th^  leads  are  alt  placed  In  tbe  slots 
la  the  commutator  necks,  they  are  driven  to  the, bottom  of  tbe  slots. 
The  lower  leads  which  were  cut  off  are  known  aa  "dummies."  These 
are  driven  Into  the  tops  of  the  slots  until  the  slots  are  full.  After 
putting  In  tbe  dummies,  all  projecting  ends  are  cut  off  and  the  arma- 
ture Is  tested  for  grounds  and  short  circuits.  Tbe  leads  are  then 
soldered  in  tbe  slots  and  the  armature  la  then  ready  (or  banding. 

Banding. 
Tinned  steel  wire  la  used  in  banding.  Tbe  bands  on  the  core  are 
Insulated  with  mica  and  fullerboard  while  on  the  coils  they  are  Insu* 
lated  with  Japanese  paper  and  tape.  The  Insulation  is  made  wide 
enough  so  that  It  projects  one-elghtb  of  an  inch  on  each  side  of  the 
bands.  The  bands  on  the  core  and  lead  are  flve-eighths  of  an  Inch 
wide,  while  the  ones  on  tbe  ends  ot  tbe  colla  are  made  as  wide  as 
possible.  In  putting  on  tbe  bands  the  armature  is  rotated  In  a  lathe 
and  tbe  steel  wire  is  wound  on  under  tension.    Clips  are  placed  under 
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the  band  wlrea  and  after  BulSclent  turns  have  been  wound  on,  the 
clliM  are  bent  over  the  wlree  and  soldered  to  them,  ao  that  the  band 
vires  are  held  flrmty  together.  After  the  bands  are  all  on,  they  are 
heated  wttb  a  soldering  Iron  and  solder  run  around  each  band.  Thus 
the  wire  and  clips  are  all  held  firmly  In  place. 

Seven  strips  or  bands  are  placed  on  the  armature,  (our  on  the  -core, 
one  on  each  end  o(  the  coils  and  one  to  hold  the  leads  in  place.  These 
are  shown  In  Fig.  69.  The  two  bands  on  the  rear  end  of  the  coils  are 
connected  to  the  last  band  on  the  core  by  means  of  three  anchor  clips 
spaced  equally  around  the  armature.  This  Is  done  so  there  will  be  no 
danger  of  the  outer  bands  ellijplng.  After  the  armature  is  banded  It  Is- 
tested  for  short-circuits  or  grounds,  given  a  coat  of  insulating  paint 
and  is  then  ready  for  aBBembling  with  the  other  motor  parts. 
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aSHBRAX.   TABLES    AND    FOBMULAB. 

The  Use  of  Pormalas. 

Knowledge  of  algebra  Is  not  neceBsaiy  for  the  use  of  formulas  in 
BOlTlDg  simiile  problems;  all  the  mathematical  knowledge  neceaBary  1b 
an  understanding  of  the  fundamental  rules  of  arithmetic.  The  letters 
in  formulas  slmplr  stand  in  place  of  the  figures  which  are  applied  for 
■peciflc  casee  or  problems. 

We  know,  for  instance,  that  In  spur  gearing  the  pitch  diameter 
times  the  pitch  equals  the  number  of  teeth.  Then,  it  D  =  pttcb  dlam* 
eter.  P  =  pitch,  and  V^  number  of  teeth,  the  formula  expressing  tblB 
rule  Is 

d>:f=n. 

The  rule  expressed  In  this  formula  says  that  whatever  actual  num- 
bers may  express  the  diameter  and  the  pitch,  these  numbers  multi- 
plied will  give  tbe  number  of  teeth.  Assume  that  the  diameter  is  S 
Inches,  and  the  pitch  4.  -  Then  If  these  numbers  are  suttstltuted  in  the 
formnla,  we  have 

GX4  =  M. 

The  number  of  teeth,  If,  then  equals  24.  In  the  same  way,  if  D^IG, 
and  P^S,  then  tbe  numt>er  of  teeth,  N,  equals  128.  In  tormalas,  each 
letter  stands  for  a  certain  dimension  or  quantity.  When  solving  a 
problem  by  tbe  use  of  a  formula,  simply  replace  tbe  letters  in  tlie 
formula  by  tbe  figures  given  in  a  certain  problem,  and  find  tbe  result 
as  in  a  regular  aritlmietlcal  problem. 

In  all  formulas  and  other  mathematical  expressions  tbe  various 
operations  should  be  carried  out  In  the  order  given,  except  that  all 
multiplications  should  be  carried  out  before  additions,  subtractions, 
and  divisions;  and  divisions  should  be  carried  out  before  additions 
and  subtractions. 

Bules  for  Mensuration. 

Triangle. — Area  equals  one-halt  tbe  product  of  tbe  base  and  the 
altitude. 

PoroHelooram.— Area  equals  the  product  of  the  base  and  the  altitude. 

Trapezoid-— Area,  equals  one-half  the  sum  of  the  parallel  sides  multi- 
plied by  the  altitude. 

Irreavlar  figure  Sounded  hy  straight  lines. — Divide  the  figure  In  tri- 
angles, and  find  tbe  area  of  each  triangle  separately.  The  sum  of  the 
areas  of  all  the  triangles  equals  the  area  of  the  figure. 

Circle.-— Circumference  equals  diameter  multiplied  by  3.1416. 

CTrelc. — Diameter  equals  circumference  divided  by  3.1416. 

Circle. — Area  equals  diameter  squared,  multiplied  by  0.7854. 

Circle. — Diameter  equals  area  divided  by  0.7864,  and  tbe  square  root 
extracted  of  the  Qnotlent 

Oirciilor  arc. — Length  equals  the  circumference  of  tbe  circle,  mnltl- 
plied  by  the  number  ot  degrees  in  the  arc,  divided  by  360. 
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Circular  tector. — ^Area  equaU  tbe  area  ot  fbe  whole  circle  multi- 
plied br  the  quotient  o(  tbe  number  of  degrees  In  tbe  arc  ol  tbe  sector 
divided  by  360. 

Circular  teow^nt. — Area  equals  area  of  circular  sector  formed  by 
drawing  radii  from  the  center  of  the  circle  to  the  extremities  of  the 
arc  of  tbe  seginent,  minus  area  of  triangle  formed  by  the  radii  and  the 
chord  of  the  arc  ot  tbe  segment. 

Prism. — Volume  equals  tbe  area  of  tbe  base  multiplied  by  the  alti- 
tude. 

Cylinder. — Volume  equals  tbe  area  ot  tbe  base  circle  times  the  alti- 
tude. 

Pyramid  or  Cone. — Volume  equals  tbe  area  of  the  base  times  one-tbird 
tbe  altitude. 

Sphere. — Area  equals  tbe  square  of  tbe  diameter  multiplied  by 
3.1416. 

Sphere.— Volume  equals  tbe  cube  ot  the  diameter  times  0.6236. 

Spherical  sec  (or.— Volume  equals  two-tbirda  of  the  square  of  tbe 
radius  of  the  sphere  multiplied  by  the  height  of  the  contained  spheri- 
cal segment  multiplied  hy  3.1416. 

Spherical  seirmenl. — Volume  equals  the  radius  of  the  sphere  less 
one-third  of  tbe  height  of  the  segment,  multiplied  by  the  square  of  tbe 
height  of  tbe  segment,  multiplied  by  3.1416. 


+  Flos  (sign  of  addition) 

V  Square  root 

-  Minus  (sign  of  subtraction) 

■/  Cube  root 

±  Plus  or  UinuB 

y  Ponrth  root 

X  TimeB  (multiplication  sign) 

y  nth  root 

-t-  Divided  bj  (division  sign) 

a*  a  square  (2nd  power  ot  a) 

:    Divided  by  (ratio,  proportion) 

a'  a  cube  (3d  power  ot  a) 

=  Equals 

a*  fourth  power  of  a 

^  Approximately  equals 

a'  nth  power  of  a 

>  Greater  than 

1 

<  Less  than 

i  Oreater  than  or  equal  to 

n 

^  Less  than  or  equal  to 

log  Logarithm 

::  Equals,  (in  proportion) 

Ing.        t  Hyperbolic  or  natniallogft- 

.  -.  Therefore 

hj/p  log\                 rithm 

«  Infinity 

I  Angle 

•  Degree 

tin  Sine 

•   Minute 

tan  Tangent 

■'  Second 

cos  Cosine 

«■  (pi)  8.1418 

eot  Cotangent 

g  Acceleration  due  to  gravity 

$ee  Secant 

i  Imaginary  quantity  (v'-l) 

eogec  Cosecant 

a  Alidia  (used  for  aoj^lee) 

i  Delta  (used  for  angles) 

fi  Beta  (used  (or  angles) 

•t,  Phi  (used  for  angles) 

y  Qamma  (used  for  angles) 

H  Omega  (nsed  for  angles) 
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SOLUTION  OF  TRIANGLES 
Trlganometrlc&I   Functions. 


a  =  bypoteDuae, 

b=: opposite  side,  to  angle  B. 

c^  adjacent  side,  to  angle  B. 


Bule.  Formula. 

b 
sine  of  J)  =  opposite  side  divided  by  hypotenuse.         sin  B  =  — 

cosine  of  B       ^adjacent  side  divided  by  bypotenuse.  cob  R^  — 

tangent  o(  B     ^opposite  side  divided  by  adjacent  side.        tan  B^  — 

cotangent  ot  B  =  adjacent  side  divided  by  opposite  side.         cot  B  =  — 

b 

secant  of  B        ^hypotenuse  divided  by  adjacent  side.         sec  B  =  — 

cosecant  o(  B    =bypotenuse  divided  by  opposite  side,     cosec  B  =  — 

K 
Formulae  for  Blerbt-Ancrled  Triancrles. 
Suppose,  tor  Instance,  that  we  call  the  three  sides  in  a  right-angled 
triangle  a,  b.  and  c,  as  shown  In  the  figure  above,  and  the  angles  oppo- 
site those  aides  A,  B,  and  C.    The  angle  A,  of  course,  is  a  right  or  90- 
degree  angle.    Then,  for  all  right-angled  triangles  these  formulas  hold 


b^ctanB;  c^osinC; 

6  =  ocobC;  c  =  6cotB; 

It  will  be  remembered  that  ex  press  ions  such  as  c  cot  C  mean  simply 
c  X  cot  C. 
By  means  of  the  formulas  given  above,  and  a  table  of'slnes  and  tan- 
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one  Bide  and  one  angle,  besides  the  SO-degree  angle,  are  known.  It 
two  Bides  are  known,  but  no  angle  outside  of  the  90-degTee  angle,  the 
angles  are  lound  from  the  formulae: 


BinB  =  — : 
UnS=:— : 


C0SB:=  — 


tanC  =  - 


cosO^  — 

b 
cotO^ — ; 


The  third  side  mar  be  found  from  the  tormulaB 

a^  V  B'  +  c*  6^  Vo"  —  C  c  =  V  o'  —  6*. 

The  table  on  rage  7  will  proye  helpful  to  readers  who  prefer  to  use 
the  names  for  the  different  sides  and  anglea  rather  than  the  letters 
In  the  formulas  above.  This  table  Is  arranged  so  that  the  required 
ezpreBBlonB  for  the  parte  to  be  found  mar  be  seen  at  a  glance,  as 
soon  as  the  parts  given  have  been  located  In  the  column  to  the  left 

Oblique* Angled  Triangles. 

Br  means  of  the  tables  on  pages  8  and  9,  anr  part  of  an  oblique 

triangle  mar  be  found  when  anr  three  other  parte  are  given.    The 

parte  given  are  found  In  the  left-hand  column,  where  a,  h,  and  c  de- 


note the  sides,  and  ^  A,    z  B,    and    z  C  the  angles  A,  B,  and  C,  re- 
spectively, the  same  as  In  the  triangle  in  the  Illustration  above.  When 
the  line  with  the  parts  given  has  been  located  In  the  left-hand  column 
of  the  table,  slmplr  use  the  formulas  In  the  same  line  tor  finding  the 
sides  or  angles  which  are  not  known.    In  some  cases  two  steps  are 
necessarr  tor  the  solution;  for  example.  It  the  sides  a  and  b  and  the 
angle  A  are  given,  to  Itad  the  side  c;  the  formula  for  c  1b 
oslnC 
sin  A 
but  angle  B  must  flret  be  found  from  the  formula  given  tor  the  sine 
tor  thlB  angle,  and  then  angle  C  Is  found  from  the  formula 


First  after  these  operations  a 
applied. 


1  the  formula  for  c  be 
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SOLUTION  OF  TRIAIfGLES 
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10  "  '   NO.  35-TABLES  AfiD  FORMULAS 

FarmulOB  for  PftlUaf  Bodlas. 
s=r:  space  In  feet  wblch  the  body  passes  through  In  the  time  (. 
u  =  space  m  feet  wblch  the  body  falls  In  the  (tb  second, 
1)^  velocity  In  feet  per  second  of  fsning  body  at  the  end  of  the 

time  (, 
t  =  tlme  la  seconds  the  body  is  falling, 
{I  ^  acceleration  due  to  gravity  ^  32.2  feet  per  second. 

28  _ 

v  =  gt  =  —  =  \/  %g»  =  8.03  sj  t 


-4^ 


64  4 
4.01 


Horse-Power  Pormul*  for  SCeam  BnvlneB. 
P^mean  effective  ateam  pressure  In  pounds  per  square  Inch, 
D  ^  diameter  of  cylinder  piston  in  inches, 
1.:=  length  of  stroke  In  feet, 
}r  =  number  of  double  strokes  per  minute, 
fl'P^=  horse-power  of  engine, 

A  ^  area  of  piston  in  square  inches. 
238  PLD'If  PLAN 

10.000.000  33,000 

Oeneral  Horse- Power  Formula. 
P^  power  In  foot-pounds  per  second. 


-v^  circumferential  velccity  per  second, 

R  =  radius  of  revolving  Iwdy. 

n  =  number  of  revolutions  per  minute. 


Pormulas  for  Centrifugal  Force. 
r  =  centrifugal  force  In  pounds. 
Cssweight  of  revolving  body  in  pounds, 
ti^velocfty  of  revolving  body  In  feet  per  second. 
R^radius  ot  circle  In  which  body  revolves,  in  feet, 
n^  number  ot  revolutions  per  minute. 

Wv'        ir  ft  n  '  2938  F  2933  F  I  ^JliiB  F 

~82.ait~      2033     '        ~   itn*  '  Ifn''  V     irft 


j/Goot^lc 


STRHNGTH  OF  MATERIALS 

VtJTlUATm    SrRMNOTH    c 


.    BQUABfl    IMOB. 


Alnminiim 

15.000 

13,000 

13.000 

11,000.000 

Brass,  oaat       

24,000 

80,000 

86.000 

8.000,000 

BrooM,  gaa-metal . .     . . 

83.000 

30,000 

10,000.000 

60,000 

120,000 

Bronse,  phosphor  . .     . . 

50,000 

14.000  000 

Copper,  cut 

24,000 

80.000 

Cci»per  Wire,  annealed. , 

86.000 

36.000.000 

Copper  Wire ,  unaati  ealed 

16,000 

12,000.000 

Iroa  Wire,  anvealed     . . 

60,000 

15,000.000 

25.000.000 

Iron  VTonght 

48,000 

46.000 

40.000 

37.000.000 

Slee  CaatingB 

70,000 

70.000 

80.000.000 

Stee  ,  stttictaral     . .     . . 

60,000 

26,000.000 

Steel  Wire,  annealed    . 

80.000 

39,000,000 

Steel  Wire,  onatmealed. 

120.000 

80.000,000 

Steel  Wire,  ornoible     . . 

180.000 

80  000,000 

Steel  Wire,  snap,  bridge . 

200.000 

80,000,000 

Tin,  cast 

8.500 

6.000 

4.000.000 

Zinc,  oast 

5.000 

30.000 



18,000,000 

■  ooimott  MATBRui.a  oTHaa  thak 


Malsrial 

Tension 

13.000 
1.000 
1,000 
2,000 
2,000 
8,000 
1.000 
3.000 
4.000 
«,000 

e.ooo 

5.500 
7.000 

Bricks,  light  red 

Cement,  Portlaad,  one  month  old 

Cement,  Portland,  one  year  old 

400 
500 

Coacrete,  Portland,  one  year  old      

400 
6.000 

Pine,  Georgia 

Pine.  White      

12.000 

10.000 

Load  Varying 

Load  Varying 

"J^- 

tu  Maximum 

^'TvinxL.^ds 

CMtlron..     .. 

6 

10 

15 

30 

Wrought  Iron. 

4 

0 

8 

13 

5 

6 

8 

12 

Wood       , .     . . 

8 

10 

16 

20 

15 

20 

Stone        . .     . . 

15 

20 

35 

80 
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NO.  35— TABLES  AND  FORMULAS 

WOSEtMO   STBBHOTB    OF   BOUra.* 


i 

=  1 

is 

la 

le 

Is 

ll 

IX 

11 

■3 

F 

^1 

"So 

"So 

"So 

?; 

i 

.$ 

n 

i 

P 

1 

P 

fi 

P 

o.aos 

0.044 

220 

264 

808 

862 

440 

528 

0.809 

0.118 

566 

678 

791 

004 

1,180 

1.850 

0.420 

0.300 

1.000 

1.300 

1,400 

1.600 

3.000 

2,400 

1 

0.550 

0.208 

1,490 

1.788 

2.086 

3.884 

3,080 

8,476 

11 

0.604 

0.411 

3.065 

3.466 

2,877 

8.288 

4.  no 

4.983 

1 J 

0.898 

0.578 

2:800 

8,468 

4.046 

4,624 

5,780 

6.980 

If 

1057 

0.710 

8,660 

4.360 

4,070 

5,680 

7,100 

8,530 

11 

1.295 

0.917 

4.583 

5,602 

6,419 

7,386 

9,170 

10,604 

1 1 

1.615 

1.106 

6,526 

6,680 

7.785 

8,840 

11,050 

18,260 

ij 

1.146 

1.805 

a.S26 

7,880 

0,185 

10,440 

18,060 

15,660 

1  i 

a. 051 

1.878 

7,890 

9.468 

11,046 

12,634 

15.780 

18.986 

2 

a. 802 

1.798 

8.990 

10,788 

13.588 

14,884 

17,080 

31,676 

3 

8.038 

3.456 

12,380 

14,786 

n.i93 

19,648 

24,660 

39,473 

2 

8.710 

8.089 

16,446 

18,584 

31,638 

34,712 

80.890 

87,068 

3 

4.630 

8.037 

19,685 

28,582 

27,480 

81,418 

89,370 

47.124 

8 

5.438 

4.673 

28,860 

38.083 

83,704 

87,876 

48,730 

56.064 

8} 

8.510 

5.690 

28.450 

34.140 

80,880 

45,520 

66.900 

68,380 

8i 

T.548 

6.606 

88,880 

89,996 

46,664 

68,838 

06,660 

79,993 

*  The  figures  for  the  working  Btrength  ot  bolts  as  gfvea  in  the  table 
above  show  the  stress  to  wbfch  It  fs  safe  to  subject  the  bolt  when 
due  allowance  has  been  made  for  the  Btresses  In  tbe  bolt  caused  br 
ttgbtenins  the  nut.  Tbe  table  rersre  specifically  to  bolts  for  cylliK^^ 
covers,  receivers  containing  fluids  under  pressure,  boilers,  etc.  In 
work  of  this  cbaracter  bolts  less  than  %-tnch  diameter  should  not  be 
employed. 

Pormulaa  ft>r  Strength  ol  Materials. 

in  the  following  formulas: 

J  =  area  of  cross-section  of  material  In  square  Inches, 

&  =  modulus  of  elasticity, 

I  =  moment  of  Inertia  of  section  about  an  axis  passing  through  the 
center  of  gravity, 

J  ^=  polar  moment  of  Inertia  of  section, 
.^1,  =  maximum  bending  moment  In  Inch-pounds, 
JIf,  ^  moment  of  force  tending  to  twist  (torsional  moment)  in  inch- 
pounds, 

P=  total  stress  in  pounds, 

l/^^diatance  from  center  of  gravity  to  most  remote  fiber. 

S  =  permissible  working  stress  In  pounds  per  square  Inch, 

.;i;  =  Bectlon  modulus  (moment  of  resistance), 

e  =  elongation  or  Bhortening  In  Inches, 

I  =:  length  In  Inches. 
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SPECIFIC  GRAVITY  U 

For  tension  and  compreition: 

PI 

P  =  iXS;        e  = . 

AE 
For  thear: 

P=AXS. 
Aeeume  permlssllile  working  streM  for  sbear  to  equal  four-flrtbs  the 
penniBBlble  stress  fn  tension. 
For  bending: 

SI 

Mi= — =az 


M,  = . 

V 
The  permlBBlble  working  stress  for  torsion  may  be  assumed  as  lour- 
flttbB  tbe  permlBBlble  stress  In  tension. 
ComJHned  bending  and  torsion: 

Combined  moment  =  0.35  Jf  t.  +  0.65  >/jUb*  +  Jf.' 

BraOJPIO    OBATIIT,    rOSINQ    POItrr,    AKD    OBUEAOTBBIBTIOS    ( 


Metal 

Melting 
Point, 
DcCTeeB 

Specific 
Gravity 

Color* 

Struc- 

Electric 
Conduc- 
tivity ; 

*^SC' 

Weight 
C^b^ic 

Poland, 

Inch. 

lUO,  ~ 

PountliL 

AlumiQum   ..     . 

1157 

3.66^ 

B-W 

M 

63,00         0,24 

0,0934 

Antimony     , .     . 

842 

6.71 

B-W 

B 

8,59  ■       0,08 

0,2124 

Barium 

2192 

8.76 

Y 

M 

80,81   1035,00 

0,1855 

Biflmnth       . .     . 

485 

0.8O 

G-W 

B 

1,40         1,60 

0,8540 

Cadmium      . .     . 

576 

8,60 

W 

M 

34,88 

1,92 

0,8107 

Calcium 

1472 

1,67 

Y 

M 

31,77 

3600.00 

0.0567 

Chromium    . .     . 

4000 

6.80 

G-W 

B 

16,00 

0,80 

0.2457 

Cobalt 

2982 

8.60 

P-W 

M 

16.98 

1,60 

o.aoTi 

gSfr ::  :: 

1928 

8.83 

P-R 

M 

97.97 

0.14 

0.8180 

1918 

19.83 

Y 

M 

76.71 

388,00 

0.6979 

Iron,  cast     . .     . 

3000 

7.30 

G-W 

B 

0.01 

0.3601 

pure    ..     . 

39!3 

7.80 

W 

M 

14.67 

0,01 

0,3816 

wroKght    . 

2B00 

7.70 

G-W 

M 

0.03 

0,2780 

Lead       

6i8 

11,87 

B-W 

8 

8.43 

0,04 

0,4108 

laoo 

1.74 

B-W 

M 

89.441       4.80 

0.0629 

Manganese   . .     . 

M52 

8.00 

G-W 

B 

15.75'     16.00 

0.3890 

Mercury 

—89 

18.58 

B-W 

F 

1.75'      0,48 

0.4900 

Sickel 

S9I2 

8.80 

Y-W 

M 

12,89 

0,45 

0-8179 

I^itinum      . .     . 

8327 

21.50 

W 

M 

14,43 

324,00 

0.7767 

144 

0.87 

B-W 

S 

19,62 

8,20 

0.0814 

Silver 

1788 

10,58 

W 

u 

100,00 

10.40 

0.8805 

Steel,  tool     . ,     , 

2583 

7.8S 

W 

M 

12,00 

0,08 

Tin 

446 

7.30 

W 

M 

14.89 

0,29 

0'2084 

Tungsten      . .     . 

4000 

17.60 

W 

B 

14,00 

0,64 

0  6853 

Vanadium    . .     . 

437B 

5.50 

W 

U 

4.95 

2500.00 

0,1  WT 

Zinc 

770 

7.15 

B-W 

M 

39.67 

0.04 

0-2581 

•  B  =  blue,  U  = 

rey,  P  = 

ink.  R  = 

red,  W  = 

while 

V  =  yellow. 

•  •  B  =  brittle.  1 

=  nilid,  1 

ble!  S  = 

soft. 
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NO.  35-TABLeS  AND  FORMULAS 
OBOtUAi.  aaorVAunm  or  r&ACVioirB  or  am  imob. 


.  ^ 


0.015  635 

0,08125 

0.046878 

0,0635 

0.078125 

0. 098  75 

0.100870 

0.185 

0.14062S 

0.1G695 

0.171875 

0187  5 

0.208125 


^7,..  0.21876 
H  0.384876 

0.850 

HO. 865  625 

A. .0.281 25 

H  0.206875 

A,.  ,.!0-8ia6 

ii0.82ei25 


«  .,  0.81375 
H  0.850875 

i 0.875 

H  0.890635 

n  ..;o.«06so 

i\  0.481875 

ft..  ,.0,4875 

Ji0.46SlBS 

M  ..  0.46875 

H  0.484375 

0,500 

D0.SIS625 

U..  0.6812S 

i]  ,0.546  875 

A..  .0.5626 

110.578186 

«.. 0.68875 

tl'0.6O9876 


it  • 


;»  0.671  873 
0.687  5 
0.708125 
0.71875 
0,784875 
0.750 
U.765C85 
..0.78125 
U  0,766  875 
tJ..  ..0,8125 
1)0.828125 
V,  ..0.84375 
110,850875 

I ,0.875 

(10.890686 

n  ..0.90625 

1}  0.921  875 

iJ..  ..0.9875 

»  0.968 125 

V,  ,.0.06875 

;t, 0.984  876 


Metric  Coaveralon  Table. 


Linear  Measure. 


1  kilDmeter  =  0.6214  mile 

1  meter  =  J    3,2808  feet 
1  centimeter  =  0.3937  Inch 
1  millimeter  =  0.03937  Inch 


1  mile  =  1.609  kilometer 
1  fiKit  =  0.3048  meter 
1  inch  =  2.54  centimeters 
1  Inch  =  25.4  millimeters 


Square  Meuture. 
1  Bq.  kilometer  ^  0.386  eq.  mile 
1  hectares  2.47 


■e  =  1076.4  Bq.  feet 
1  sq.  meter  =  10.764  aq,  feet 
1  sq.  centimeter  ^  0,155  aq.  Inch 
1  sq.  mllllmeter  =  0.00lB5  Bq.  inch 


Cubic  Measure. 
1  cub.  meter  =:  35.314  cub.  feet  1  cub.  toot 


1  aq.  mile  ^2.589  sq.  Itilometere 

1  acre  ^0.405' hectares 

1  sq.  foot  =  0.0929  Bq.  meter 

1  sq.  Inch  ^6.452  sq.  centimeters 

1  sq.  Inch  ^645.2  aq.  millimeters 


1  cub.    centimeter  =  0.061    cub. 

Inch 
1  liter  =  0.2642  U.  S.  f^llon 
1  liter  =  0.0353  cubic  toot. 


0.02832  cub.  meter 
1  cub.  inch  ^16.383  cub.  centi- 
meters 
1  cub.  toot  =  2S,317  liters 
1  U.  S,  gallon  =  3.785  IlterB 


1  metric  ton=2.204.6  pounds  1  pauttd^O.4536  kilogram 

1  kilogram  ^  2.2046  pounds  1  ounce  =  2S.35  grams 

1  gram  ^15.432  grains  troy  1  grain  troy  ^0.0648  grams 
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MILUMETERS  INTO  INCHES 
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NO.  3S— TABLES  AND  FORMULAS 
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Pormulaa  tor  Spur  OearlnK. 


In  the  following  formulas, 
F  =  diametral  pitcb, 
P,=:  circular  pitch, 
D  :=  pitch  diameter,  I 

Z>, ^outside  diameter, 
X  =  number  of  teeth  in  one  gear, 
n  ^numtter  of  teetb  in  mating 
gear, 
3.141S  P, 


A  ^addendum, 
T  ^thickness  of  tooth  at  pitch 
Ine, 

E  =  full  depth  of  tootb, 
C  =  diBtance  between  centers, 
F  =  clearance. 


r= 

p 

D  =  D, 

P  , 

2.157 

E  = 

P 

D,XN 
D  = 

N  +  2 

E  =  0.6866  P, 

y  =  PxD 

N  +  n 

y=(D,  X  P) 

F  =  - 


D,=D+- 


Accordlng  to  the  eyBtetn  for  cutting  gear  teeth  adopted  by  the 
Brown  A  Sbarpe  Mfg.  Co.,  any  gear  ot  one  pitch  will  meeh  into  any 
other  gear  or  Into  a  rack  of  the  same  pitch.  Eight  cutters  are  re- 
quired tor  each  pitch.  These  eight  cutters  are  adapted  to  cut  from  a 
pinion  of  twelve  teeth  to  a  rack,  and  are  numbered  respectively,  1,  2, 
3.  etc.  The  number  of  teeth  and  the  pitch  for  which  a  cutter  Is  adapted 
Is  always  marked  on  each. 

No.  1  will  cut  wheels  from  135  teetb  to  a  rack. 
■'    2         ■'  ■'  55  ■•      134  teeth. 
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NO.  35— TABLES  AND  FORMULAS 


Duunetral  Into 

CircuUr 

pitch. 

CircoUr  loto  DlanMtnkl  Pitch. 

Dlam- 

Di»m- 

Pitch 

Pitch 

Pitch 

2.S18' 

11 

0.286" 

3" 

1.S71 

T     ■ 

8.590 

12 

0.262 

1.795 

14 

0.234 

1.79B 

h 

4.189 

1,B71 

le 

o.ise 

1,988 

4.570 

1.898 

18 

0.17S 

2.094 

Jl 

6,037 

1.967 

20 

0.1S7 

2.185 

6.585 

22 

u 

1,047 

34 

0.181 

2.891 

7.181 

36 

a 

2.S18 

1 

0.785 

28 

0.113 

8.646 

10.068 

0.628 

80 

o.ioa 

u 

8-7B3 

A 

12.666 

o.eu 

83 

0.098 

a. 957 

16.765 

0.449 

86 

0.087 

8.143 

it 

26.188 

8 

0.898 

40 

0.079 

H 

8.861 

60.366 

9 

0.S49 

48 

0.065 

10 

0.814 

I  B.  k  a.  KTO.  < 


Pitch  of 

r>*pthtobB 

Cut  ia  Gear 

of'Tboth 
Ht  Pitch  Line 

Pitch  of 
Cutter 

Depth  to  be 
Cut  Id  G«i>r 

.™L 

1.257" 

0.196" 

0.148" 

1.488 

1,047 

12 

0.180 

0.181 

0,898 

0.154 

0.119 

1.078 

0.785 

16 

0.966 

0.697 

18 

0.190 

0.087 

20 

0.106 

0.079 

0,784 

0.670 

23 

0.098 

0.071 

0.S23 

34 

0.090 

0.066 

8^ 

0,616 

0.448 

36 

0.393 

28 

0.077 

0.056 

80 

0,S5S 

0.3S3 

83 

0,067 

0,049 

0,060 

0.044 

0,370 

0.196 

40 

0,064 

0.175 

48 

0.046 

0.088 

10 

0.216 

0,157 

Formulaa  for  B»vel  Oearlns. 
On  pages  19,  20,  21.  and  22  are  given  complete  sets  of  bevel  gear 
formulae,  covering  tbe  cases  wben  the  angle  between  the  two  shafts 
to  be  connected  hy  the  gearing  equals  90  degrees,  more  than  90  degrees, 
and  less  than  90  degrees;  a  set  of  fonoulas  applicable  to  tbe  solution 
of  miter  gears  Is  also  given.  These  formulas  are  systematically 
arranged  eo  that  the  proper  formula  to  use  can  be  very  easily  found 
at  a  glance;  and  no  knowledge  of  trigonometry  is  required,  except 
an  understanding  of  the  use  of  tables  of  sines  and  tangents.  Tbe 
formulas.  In  substantially  tbe  same  form  as  presented  In  tbe  accom- 
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BEVEL  GEARING 


=  diametral  pitch 
=  clroolar  pitch 
=  nniuber  of  teeth  in  pinion 
=  number  of  teeth  in  gear 
=  shaft  angle 

=  number  of  teeth  for  which  to 
seleot  catter 
1 
=  —  =  0.8188  C 


Pinion 

Gmf 

DX* 

K=  Dx P  = 

C 

D,X' 
N,=  V,XP=  

c 

D  =  — ^0.8183  CJV 
P 

D,  =  —  =  0M93CN, 

2cos# 

0=D  + =  D  +  0.«866CX 

P 

CM* 

2Bin0 

0,=D,+ =D.+0.68a6t'X8in* 

P 

«.♦  =  _ 

*,  5W)-(* 

2 
0, 

3 

p 

0.6866 

2 

CX 

XCOt« 

8ia# 

rx 

cos  a 

\    p.   =4..-/ 

O      2cos^      Oi 


panying  tables,  were  originally  contributed  to  Maciiinebv  by  Hermcn 
Isler. 

While  the  tables  are  self-contained,  the  following  remarks  will  aid 
In  aTotdIng  mlsunderataDdlng  of  the  use  of  the  formulas  In  the  table 
on  page  20,  for  shaft  angles  more  than  90  degrees.     It  the  formula, 
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NO.  35— TABLES  AND  FORMULAS 


-  diametral  pitch 
=  oirool&r  pitch 
=  number  of  teeth  in  pinion 
=  number  of  teeth  in  gear 
=  shaft  angle 

=  number  of  teeth  for  which  to 
select  cutter 
1 
=  —  =  0.8188  C 


pinion 

Gear 

DXT 

D,Xr 

N=DXF= 

C 

C 

N 
P 

D,  =  — =  0.8183  CJVi 
P 

2coB4> 

0=D  + =  D  +  0.6866CX 

P 

COS* 

0,=D,-i =Z),+0.68MC'Xcos* 

P 

008  («  -  90') 

Bin  (X  -  eo") 

<f.,=x-<t> 

=  *-/ 


jV 

B. 

~  *i  +  * 

fi. 

-*■-/ 

M 

0, 
—  ~X  cot  a, 

H 

=  F  X  cos  a, 

COS^i 


for  <p.  In  any  case  gives  a  value  greater  than  90  degrees,  the  gear  is 
an  internal  gear.  This  form  o(  gearing  can  be  cast,  but  cannot  ordi- 
narily be  cut  on  any  commercial  machine.  In  order  to  avoid  the  use 
of  an  Internal  gear,  the  problem  may  be  solved  by  using,  in  place  ot 
angle  r.  an  angle  equal  to  180  degrees  —  r,  employing  then  the  formula 
for  tan  «  given  in  the  table  for  shaft  angles  less  than  90  degrees,  on 
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BECEL  GEARING 


P  —  diametral  pitch 
C  =  circular  pitch 
N  =  Dumtwr  of  teeth  in  piaion 
^i  =  number  of  teeth  in  gear 
X  =  shaft  aitgle 

iV,=  number  of  teeth  for  which  to 
select  cutter 
1 


N= Dx  P  = 


D  > 


,  N.  =  D,  xl'^- 


£>  =  — =  o.aimcN 
p 

0=D  + =  D  +  0.6866Cxcos« 

P 

tan*  = 


-  +  ooea; 


.   -  *i  +  s 


if,  =  r  X  COB  a, 


o 

Jf  =  —  X  cot  ■ 

9 
H=  Fx  ooeo 

N 

N,- 

ooe* 


page  21.  This  places  the  gear  on  the  other  Bide  of  the  apex  ol  the 
pitch  cone,  and  thus  requires  the  shafts  to  be  extended,  but  avoids 
the  internal  bevel  gear.  This  manner  of  solving  the  problem  1b  ad- 
visable, as  the  Internal  gear  would  be  almost  ImpoeBlble  of  manu- 
facture. 


)vGoo'^lc 


NO.  35~-TABLES  AND  FORMULAS 


tan 

14149 

N 

ton/ 

1.6363 

■  = 

45 

+  « 

P  = 

45° 

-/ 

M  = 

0 
8 

1.4148 
P 

0 
3 

0.46  C 

H  = 

Y 

X  OOBO 

•Sea  Uble  on  page  »  for  meanins  o£  lelters  lu  tornmUa. 

Spiral  Qearlss. 
The  tooth  angle  In  spiral  gearing  Is  tbe  angle  made  by  tbe  helix  or 
spiral  of  the  teeth  with  the  ails  ol  the  gear. 

The  equivalent  diameter  ol  a  hellcat  gear  Is  found  by  dividing  the 
number  of  teeth  In  the  gear  by  the  diametral  pitch  of  tbe  cutter  with 
It  Is  cut. 


JV.^No.  of  teeth  in  gear  a. 
Nt='lio.  Of  teeth  In  gear  b. 
fi  =  Velocity  ratio  =  7f.  +  Ni. 
P"^Nonnal  diametral  pitch  or 
pitch  of  cutter. 
f^EqulTalent  diameter  (ex- 
plained aboTe). 
D  =  Pitch  diameter. 
C  =  Center  distance. 
B  ^  Blank  or  outside  diameter. 
7  =  ■,  +  On, 
N 


T  =  No.  of  teeth  (or  which  cutter 

If  selected. 
£.=:Lead  of  spiral. 
7^  Angle  of  axes, 
a  ^  Angle  of  tooth  with  axis. 
t  =  Thkkne8B  of  tooth  on  pitch 

llne- 
S^  Addendum. 
D"  +  /  =  Whole  depth  of  tooth. 

N 


£b  +  C-B.  Xtanii.)  = 


=  cot  o  X  i>  X  IT. 
Where  subscript  letters  .  and  t 


e  used,  reference  la  made  to  two  gears 


a  and  6,as  for  Instance,  "W."  and  "W^."  where  the  letter  N  refers  t' 
the  number  of  teeth  in  gears  a  and  b,  respectively,  ^f  a  pair  of  gears 
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SPIRAL  GEARING  23 

Cutters  for  MlUlngr  Te«tb  of  Spiral  Oeare. 

The  cutterB  used  tor  milling  spiral  or  helical  gears  are  standard 
spur  gear  cutters,  the  number  o(  a  cutter  and  Its  pitch  for  a  given 
case  being  defined  by  the  angle  (with  the  axis)  and  the  norma)  pitch. 
The  diagram  below  gives  the  numbers  of  the  cutters  only,  the  pitch 
having  been  previously  determined. 

The  selection  of  the  cutter  Is  fixed  by  the  formula  given  In  the  lower 
right-hand  comer  of  the  diagram.  The  delimiting  curves  thereon 
were  plotted  by  the  formula,  the  area  between  the  curves  being  the 


field  of  intersection  of  the  combinations  of  angles  and  numbers  of 
teeth  covered  by  each  designated  cutter  number. 

For  example,  suppose  the  angle  of  the  teeth  of  a  gear  is  37  degrees 
with  its  axis,  and  the  number  of  teeth  Is  48.  The  point  A,  at  which 
the  horizontal  line  (representing  the  tooth  number),  and  the  vertical 
Hoe  (reDreeentlng  the  angle)  Intersect,  falls  within  the  area  marked 
"Cutter  No.  2."  Therefore,  &  No.  2  cutter  is  required  to  cut  a  48-tootli 
spiral  gear  having  the  teeth  at  an  angle  of  37  degrees  with  Its  axis. 
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•      A    \    Z  lsSgS32gB32Si38Sg2ggEi|S 

I       ^£     I      3    I ei9<=>e eeooeo'eiooooeeeoooeie 


"i 


o  S 


iipiisiilsssssissilslgg 


sSslEgllsisslssiississs 


a=i?isssss2S2S2gisiilii 


u  l|  rlSiiiililiiiliilliiiiiiiii 


a  2: 


liiSIS3iiiiiil|igssiiil 


H>fl*aoimce«e^'«je«c>ao»Oc»<*(e« 
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IVORM  GEARING  2= 

FormuiBB  for  th«  DeBlffn  of  Worm  Qeariag. 
X'^  number  o(  teeth  In  wonn-whee). 
n  =  number  of  teeth  or  threads  In  worm, 
P'^  circular  pitch  of  wheel  and  linear  pitch  of  worm. 

I^lead  of  worm. 

ir=:  whole  depth  of  worm  tooth. 

t'^  width  of  the  thread  tool  at  the  end. 

s  =:  addendum  or  height  of  worm  tooth  above  pitch  line. 

o:=outalde  diameter  of  the  worm. 

(1=:  pitch  diameter  of  the  worm. 

b^  bottom  or  root  diameter  of  the  wonn. 

^  =  he1iz  angle  of  worm  and  gashing  angle  of  wheel. 

4  =  face-angle  of  wonn-wheel. 
Z>^  pitch  diameter  of  the  worm-wheel. 
0  =  throat  diameter  of  the  worm-wheel. 
0'  =  diameter  of  the  worm-wheel  to  sharp  comera. 

[J^radius  of  curvature  of  the  worm-wheel  throat. 

Jf=:  velocity  ratio. 

C^  distance  between  centers. 

X  =  threaded  length  of  worm. 

l  =  nx  P'.  Cotangent  p  =  3.1416  -i- ). 

P'=l^n.  D  =  NP'-T-  3,1416. 

ff  =  0.6866  P".  0  =  D  +  2g. 

('  =  0.31  P'.  U=iAo  —  2». 

«  =  0.3183 P'.  0'  =  2  {U—U COBS/2}  +  0. 

o  =  a  +  2a.  R^N-i-n. 

d  =  o  —  2t.  C=(D  +  a)  -i-2. 

■    l.  =  o  — 2ff.  d  =  2C  — B. 

Minimum  value  of  *  ==  V  0' —  (O  — 4«)' 
The  outside  diameter  of  the  hob  la  0.1  P'  larger  than  the  outside 
diameter  of  the  worm.    The  root  diameter  of  the  hob  equals  the  out- 
side diameter  of  the  worm— 1.2732  P'. 
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80BBW    THREADS. 


Denota  Different  Screw   Thre>d   BtMidaTde. 


Abbr«vl»tlana  Ueed  1 

U.  8.  S.  =  United  Stotea  Standard  Thread. 

U,S.F.  =  United  States  Standard  Form. 

V  =V-thread. 

B.  S.  W.  =  Whltworth  Thread    (BrltUh  Standard  Whltworth).    ■ 

B.  S.  F.  =  British  Standard  Fine  Screw  Tbread. 

B.  A.  S.  =  British  AsBOclatlon  Standard  Thread. 

S.  F.  =  French  Standard  Thread. 

S.  I.  =  lDtematlonal  Standard  Thread. 

A.  S.M.E.St'd  =  Standard  Machine  Screw  Thread,  adopted  bj  the 
American  Society  ol  Mechanical  Engineers. 


Formulas  f 

)  ^  pitch  =x  — 


'  Btkndard  ThreadB. 


Number  of  threads  per  Inch. 


d  =  p  X  cos  30  deg.  =  0.86603  p 

WHrrWOKTH    TBKBAD    (Mb.  SJ 

2  p 

a  =  —X  —  X  cot  27  deg,  30  mln.  =  0.64033  p 

3  2 
r  =  0,1373  p. 


)vGoo'^lc 


SCREW  THREAD  SYSTEMS 

BRITUiB    ASSOOUTtOIt    STAMSABS    THRMAS    (Fi«.  4 


Buooe  uooinxD  pipi  i 


flat  at  top  =  — 
26 
At  the  root  ot  the  thread,  the  groove  has  no  flat,  but  ia  sharp,  the 
same  aa  a  regular  V-thread.  (The  original  Brigga  pipe  thread,  as 
still  made  In  Great  Britain,  la  allghtlr  rounded  off  at  the  top  and  pro- 
vided with  a  fillet  at  the  bottom  of  the  aame  radius,  so  that  the 
depth  of  the  thread,  Instead  of  being  equaal  to  0.833  p,  as  above,  is 
only  O.S  p.)  ■ 


I    lERRAD.    (Flc.  e.) 


h  0.010  Inch, 


d  = 


Par  Taps. 
P 

~  +  0.020  Inch, 


r  =  0.3707  p. 

:  =  0.3707  p  —  0.0052  Inch. 
The  root  diameters  of  si 


/  =  0.3707  p  —  0.0062  inch, 
c  =  0.3707  p  — 0.0062  inch. 
B  and  taps  arc  the  same.    The  ontslde 
diameter  of  the  tap  is  0.020  Inch  greater  than  the  outside  diameter 
of  the  screv. 

The  angle  between  the  sides  of  the  Acme  thread  la  29  degrees. 

French  knd  Int«matlonal  Standard  Threads. 
The  form  of  the  thread,  and  the  formulae  for  the  thread  dlmenBlons 
are  the  same  as  for  the  United  States  Standard  thread  except  that 
the  shape  of  the  thread  at  the  bottom  may  be  flat  or  rounded,  as  pre- 
ferred, as  long  as  clearance  at  this  point  Is  provided.  The  originators 
of  the  thread  recommended  a  rounded  profile  at  the  root,  but  in  the 
United  States  this  thread  la  made  exclusively  with  a  flat,  the  same  as 
the  U.  S.  Standard  thread. 
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per  Inch 

64 

H 

40 

A 

S3 

liV 

20 

iJl 
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HI 
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Dfam- 

Thread* 

eler 

eter 

pmlDch 

^ 

73 

I 

10 

1} 

81 

8 

8 
8 

■    ■- 

5S 

9 

g 

i? 

4t 

83 

8 

IM 

8 

8 

•1 

7 

SO 

7 

i\ 

9. 

18 

!i 

7 

V. 

16 

7 

a 

li 

« 

13 

6 

l\ 

« 

13 

9. 

11 

Q 

il 

a 

¥ 

11 
10 

ih 

5 

n 

2 

-WRTTWOItTB    STAMDABD    THREAD. 


Diam- 

Threads 

Diem- 

Threada 

Diam- 

Threadh 

DUm- 

Threads 

eter 

per Inch 

eter 

per  Inch 

oter 

eter 

per  Inch 

^ 

60 

^9 

10 

H 

5 

^i 

^ 

48 

0 

5 

40 

li 

9 

84 

8 

M 

lA 

8 

2 

24 

7 

20 

7 

a 

2f 

1 

18 
16 

u 

7 
7 

a 

3 

5} 

3 

14 

li 

6 

3 

^ 

13 

6 

2 

12 

6 

2 

8 

b| 

2 

11 

lA 

8 

8, 

a 

11 

6 

tj 

* 

10 

iH 

6 

« 
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Diam- 

eter 

per  Inch 

35 

33 

u 

ft 
9 

3 
2i 

§i 

il 

20 

18 

li 

9 
9 

2 

9. 

i 

U 

8 

8 

3 
2 

'<\ 

4 

if 

8 
8 
8 

3 
8 

ij 

Si 

8 

91 

ii 

7 

H 

7 

*i 

ii'. 

lii 

7 

« 

4i 
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British 

Diameter 

PftcT. 

Pitch 

s'i 

MHU- 

Inches 

UlIU- 

Inclum 

melata 

meters 

0 

Aft 

0.2868 

1,0 

0.0894 

18 

1  8 

0.0472 

0  25 

0.0098 

1 

«,H 

0.2087 

000 

0.0354 

14 

1  0 

0.0894 

0,28 

0.0091 

0.1S50 

0.0810 

0.0854 

8 

4.1 

0.1814 

0  7» 

0.0287 

10 

(»  79 

O.OBll 

0  19 

0.0076 

4 

a  n 

0.U17 

0  06 

0.0260 

17 

0.70 

0.027Q 

0  17 

0.0067 

5 

8.2 

0.0844 

0.15 

0.0059 

8 

aH 

0.1108 

058 

0.0309 

19 

0  54 

0.0218 

0  14 

0.0055 

7 

25 

0.0084 

0.4B 

0.48 

0.0189 

0  13 

0.0047 

a. 2 

0.0S66 

0  48 

0.0189 

21 

II  -ta 

0.0185 

0.11 

0  0048 

9 

1 » 

0.0748 

089 

0.0154 

22 

0  «7 

0.0146 

0  m 

0.0089 

10 

1  7 

0.0069 

0.85 

0.88 

0.0180 

0.08( 

0.0085 

11 

1.5 

0.0591 

()  SI 

0.0122 

24 

0.0114 

(HtHI 

0.0081 

18 

i.a 

0.0511 

0.8S 

0.0110 

25 

0.25 

0.0098 

0.078 

0.0028 

■Width  of 

■Width  of 

Thread 

'is 

per  Inch 

Thread 

fJ'^t;: 

0.5100 

0.8707 

0.8655 

6 

O.IIOO 

0.0741 

0.0680 

1^ 

0.8850 

0.3780 

0.2728 

01 

0.1009 

0.0674 

0.0G23 

0.8438 

0.8171 

0.2H9 

0.0988 

0.0618 

0.0568 

0.2600 

0.1858 

0.1801 

7 

0.0580 

81 

0.3100 

0.1488 

0.1481 

8 

0.0785 

0.0468 

0.0411 

0.1767 

0.1886 

0.1184 

■  9 

0.0656 

0.0413 

0.0860 

Si 

0.1539 

0.1059 

0.1007 

10 

0.0600 

0.0371 

0.0819 

4 

0.1850 

0,0937 

0.0875 

18 

0.0617 

0.0800 

0.0257 

a 

0.1311 

0.0824 

0.0772 
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No.  of 

Nomi- 

Actual 

No.  of 

Nomi. 

Actual 

No  of 

Size  of 

per iDoh 

Siie  ol 

Siie  of 

per  Inch 

Slie  oi 

S\zeoC 

0.885 

38 

n 

1.745 

2j 

8.134 

11 

0.520 

19 

1.888 

8 

347 

0.666 

10 

3.031 

8 

867 

11 

0.822 

14 

3.160 

8 

8 

485 

11 

0.908 

14 

8.845 

8 

1.084 

14 

2.847 

8 

M 

013 

It 

1.189 

14 

aA 

3. 467 

8 

4 

185 

11 

1 

1.803 

11 

^ 

3.587 

4 

4 

889 

11 

1! 

1.493 

11 

2.794 

1.650 

11 

n 

8.001 
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A 

Noml- 

0.405 

37 

l.SOO 

11* 
IH 

6 

S.S68 

8 

O.HO 

18 

s 

2.873 

6 

6.826 

8 

0.675 

18 

2i 

2.875 

7 

7.625 

8 

0.840 

14 

S,500 

8 

8 

8.^6 

8 

i.oao 

14 

H 

4.000 

8 

e 

8.688 

8 

1 

1.815 

Hi 

4.500 

8 

10 

10.750 

8 

u 

1.660 

"i 

*i 

5.000 

8 

KAOHIIta 

OIUIW    TBBaADS 

AKMMOAv  noaaarr  op 

ICBOHAHIOAI. 

■naimoBS  btandahd. 

DiflDl. 

Threads 

Num- 

Dmm- 

Thre«3» 

Num- 

Di»m. 

Thrwdn 

per  Inch 

0.060 

80 

7 

0.151 

86 

18 

0.294 

SO 

0.078 

73 

B 

0.164 

36 

20 

0.820 

20 

22 

0.846 

0.090 

56 

10 

0.190 

80 

24 

0,873 

16 

48 

12 

0.216 

26 

0.898 

16 

0.242 

24 

28 

0.434 

14 

0.188 

40 

16 

0.268 

23 

80 

0.450 

14 
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soourr  of 

maEANiaAL  rnnai 

NBRB. 

perlDCh 

per  Inch 

1 

0.078 

64 

7 

0.151 

83 

14 

0.242 

20 

0.086 

50 

7 

0.151 

8 

0.099 

48 

8 

0.164 

82 

18 

0.294 

18 

4 

0.113 

40 

8 

0.164 

80 

30 

0.830 

18 

4 

0.113 

86 

9 

0,177 

23 

6 

0.18.1 

40 

9 

0.177 

24 

34 

0.872 

18 

6 

0.135 

86 

10 

0.190 

83 

30 

0.898 

6 

0.138 

10 

6 

0.138 

83 

12 

0.316 

24 

80 

0.450 

16 

UAomm 

Bomiw 

THBBADB,    OU>    BTAMDAmD. 

Nuro- 

Di«ni. 

Nura- 

DUm- 

Threads 

0.071 

64 

per  Inch 

per Inch 

1 

8 

0.166 

83 

16 

0.373 

18 

H 

0.081 

56 

0 

0.180 

80 

18 

0.398 

18 

0.089 

56 

10 

o.m 

34 

20 

0.825 

16 

8 

0.101 

48 

11 

0.300 

24 

23 

0.850 

4 

0.118 

86 

19 

0.221 

34 

24 

0.378 

16 

5 

0.125 

86 

18 

0.284 

22 

26 

0.404 

16 

6 

0.141 

82 

14 

0.346 

20 

28 

7 

0.1-M 

82 

15 

0.261 

20 

80 

0.456 

1* 

...c 

Gooi^lc 


SCREIV  THREAD  SYSTEMS 

mmNATIONAI.    BTBTBlf    BTAMSARD    THUUD. 


Dla 

Inches 

Pitch 

Di^meur 

Pilch 

Miin- 

MiUI- 

IncliM 

Milli- 

iDCheB 

mJtlr> 

inch.. 

o.a-W3 

1.0 

0.08»4 

88 

1.8993 

8.5 

0.1878 

0.3T56 

1.0 

0.0894 

S6 

1.4178 

4.0 

0.1575 

0.8150 

4.0 

0.1575 

0.S648 

1.36 

0.0493 

43 

1,6585 

4.5 

0.1773 

10 

0.8987 

0.05S0 

45 

1.7716 

4.5 

0.177a 

11 

0.4881 

1.5 

0.0590 

48 

1.8898 

5.0 

la 

0.4734 

1.7« 

0.0089 

63 

3.0473 

6.0 

0.1969 

14 

0.SS13 

0.0787 

8.3047 

5.6 

0.3166 

1« 

0.6360 

3.0 

0.0787 

60 

3.8633 

5.S 

0.9165 

18 

0.7087 

S.S 

0.0984 

64 

3.5197 

.  6.0 

0.3863 

0.7874 

3.5 

0.0984 

68 

3.0778 

6.0 

0.38S3 

83 

0.8601 

3.5 

0.0984 

73 

3.8840 

6.5 

0.3559 

34 

0.3550 

87 

1.0680 

8.0 

0.1181 

80 

8.1497 

7.0 

0.3756 

SO 

1.1811 

S.S 

0.1878 

rUDtoa    KTSTBM   BTAMDABD   TBBMAD. 


Diametgc 

Pitch 

Diameter 

Pitch 

Mini. 

meters 

Inches 

Milli- 

Inches 

Milli- 

Inohea 

Mllli- 

Inche. 

0.1181 

0.1675 

0.75 

0.0395 

36 

1.0386 

8.0 

0.1181 

0.1181 

0.3863 

1.0 

0.0894 

80 

1.1811 

8.S 

0.1878 

0.3756 

0.0894 

1.3598 

8.5 

0.1878 

8 

0.8150 

1.0 

0.0894 

84 

1.8886 

8.6 

9 

0.8648 

1.0 

0.0304 

86 

1.4173 

4.0 

0.1576 

10 

0.SS87 

1.4961 

4.0 

0.1575 

18 

0.4734 

1.6 

0.0S90 

40 

1.B748 

4.0 

0.1575 

14 

0.5518 

3.0 

0.0787 

1.65S5 

4.6 

0.1778 

18 

0.7087 

3.6 

0.0084 

46 

1.8110 

4.5 

0.1778 

30 

0.7874 

1.8808 

5.0 

0.1969 

33 

0.8061 

3.6 

0.0984 

60 

1.0685 

5.0 

0.1969 

WOOD    SOBSW    I^BIAS. 


No  ot 

Thre.ds 

per  Inch 

Screw 

per  Inch 

0.068 

88 

11 

0.808 

18 

33 

0.847 

0.071 

3» 

0.316 

11 

28 

0.861 

0.084 

36 

0.339 

11 

24 

0.874 

0.097 

34 

0.243 

O.IIO 

88 

0.855 

10 

36 

0.400 

0.134 

80 

0.268 

0 

37 

0.413 

0.187 

18 

0.283 

0 

88 

0.426 

0.160 

16 

18 

0.305 

e 

39 

0.4S9 

0.163 

15 

10 

0,176 

14 

30 

0.331 

8 

10 

0.189 

18 

81 

0.884 

8 

,  Gooi^lc 


NO.  3S— TABLES  AND  FORMULAS 

TOOUt    FOB   BQHABI   1 


Widt 

of  Point 

of  Tool 

Width  of  Point 

of  Tool 

No.  of 

Scl^WB 

For  Taps 

i^:.. 

Thread 

Nuts 

Nutg 

1 

0.4905 

0.5000 

0.60S5 

0.0616 

0.0625 

0.0685 

li 

0.8716 

0.8750 

0.8785 

9 

0.0646 

0.0556 

0.0565 

0.S8S8 

0.8S88 

0.SB6S 

10 

0.0490 

O.OMO 

0,0610 

n 

0.2837 

0.2657 

0,3667 

11 

0.0444 

0.0464 

0.0464 

0.347a 

0.2600 

0.2625 

12 

0.0107 

0.0417 

0,0427 

0.1975 

0.2000 

0.0876 

3 

,0.1641 

0.1698 

0.1691 

14 

0.0858 

0.0867 

0.0862 

8) 

0.1408 

0.1420 

0.0838 

0.OB8S 

0.08B6 

4 

0.1886 

0.1260 

0.1266 

16 

0.0807 

0.0813 

0.0817 

0.1096 

0.1111 

18 

0.0878 

0.0877 

0.0883 

5 

o.oses 

0.1000 

0.1015 

30 

0.0345 

0.0250 

0.0365 

« 

0.0894 

0.0909 

0.0924 

29 

0,0228 

0.0227 

0.0282 

0.06S8 

0.0208 

0.0308 

0.0218 

7 

0.0690 

0.0714 

0.0729 

BTAMDAID    WOBIC 


Height  of 

Tfirend 

per  Inch 

Thread 

Thread 

Pitch  Line 

Pilch  Line 

0.6666 

0.8350 

0.8100 

0.5000 

0.8188 

5} 

0.2480 

0.4000 

0,2646 

0.4577 

0.3066 

0.8SS3 

0.2122 

0.1676 

0.1550 

0.3500 

0.1592 

8* 

0.2746 

0.1840 

0.1340 

0.1378 

0.2389 

0.1117 

0.1088 

0.1666 

0.1061 

4* 

0.0886 

0.1439 

0,0909 

0.1716 

0.0775 

0.1260 

0.079« 

6* 

0.0744 

0.0689 

0.1111 

0,0707 

0.1378 

0.0670 

0.0680 

0.1000 

0.0687 

0.1144 

0.0558 

0.0517 

0.08S8 

0.0681 

0.0448 

0.0714 

0-0455 

0.0856 

0.0419 

0.0888 

0.0635 

0.0898 

0.0768 

0.0872 

0.0844 

O.0S65 

0.0354 

10 

0.0687 

0.0885 

0.0810 

0.0500 

0.0318 

12 

0.0573 

0.0379 

0,0358 

0.0416 

0.0265 

0.0194 

0.0199 

20 

0.0848 

0.0167 

0.0165 

0.0360 

0.0T69 

Alterimt 

Systems 

i  ni«n,- 

Alteroat 

Syslems 

Altemat 

Syilems 

Threads 

Threads 

per  Inch 

per  Inch 

I 

■2, 

10 
9 

1  ^ 

6 
5 

6 
6 

\ 

4i 

4 

1 

8 

6 

4 

7 

!■     H 

^ 

^ 

,n,„:b,G00i^lC 


TAP  DRILLS 


Fon 

aORMW    TBBMAD    STBTIK    AOOPTKI    BT    THB    ASSOOUTIOII    OF 
LIOINSBD    ADTOUOBnA    UAHDFAOXDKBBS. 

Dlam- 

S?x^h' 

Diam- 

Btor 

-"^^ii 

DIam- 

^"S 

Diam- 

Thread* 

porlDcb 

1 

28 
84 

! 

20 
30 
18 

1 

18 
10 
16 

s 

14 
14 

TAP    DSnXS    POR    A. 


No.  of 

No  of 

No.  of 

No.  of 

•nT^ld^ 

Size 

n?fii 

Th'r^s 

Siie 

aad 
Threada 

Si» 

Threads 

Drill 

I^c'b 

/JTc'b 

I^.;. 

ffc'h 

0-80" 

56 

S-86 

48 

ft-8t 

80 

30-20* 

G 

ea 

6-40" 

8S 

10-88 

88 

20-18 

1-64 

54 

6-86 

86 

lo-ao* 

84 

28-ie» 

K 

S-64* 

60 

6-82 

88 

lo-a* 

83-16 

81 

17 

24-18 

ft 

8-66« 

47 

7-83 

88 

13-84 

IS 

34-16* 

S-48 

48 

7-30 

33 

14-84* 

10 

36-16* 

4-^8* 

48 

8-86* 

29 

14-80 

14 

86-14 

0 

4-40 

46 

8-88 

80 

ie-32» 

8 

88-16 

80 

16-20 

4 

38-14* 

Bk44» 

39 

B-32* 

88 

18-20" 

A 

80-16 

V 

6-40 

40 

»-80 

88 

18-18 

1 

80-14* 

u 

No.  of 

SI«  of 

Slie  D 

Nd.  of 

Siicot 

s* 

No   of 

Drills 

■1'i.pB 

DriUa    . 

Taps 

Threads 

9 

28 

20 

16 

2 

66 

49 

9 

80 

88 

17 

16 

04 

49 

9 

82 

27 

17 

18 

» 

40 

49 

10 

24 

17 

20 

8 

48 

48 

10 

28 

36 

18 

16 

10 

SO 

84 

18 

4 

88 

48 

111 

83 

84 

18 

80 

4 

86 

45 

11 

31 

34 

19 

16 

4 

40 

44 

11 

28 

31 

19 

IM 

B 

6 

80 

44 

tl 

30 

19 

19 

80 

D 

83 

43 

18 

30 

34 

80 

16 

6 

86 

41 

18 

33 

30 

80 

18 

E 

5 

40 

40 

18 

34 

19 

80 

30 

n 

80 

41 

18 

80 

19 

28 

16 

K 

« 

88 

18 

84 

15 

18 

J 

6 

86 

U 

16 

24 

14 

« 

40 

38 

14 

82 

18 

24 

16 

L 

7 

88 

85 

14 

84 

18 

7 

SO 

34 

15 

18 

18 

2« 

U 

N 

7 

88 

81 

15 

20 

10 

28 

16 

,    0 

8 

84 

84 

15 

6 

38 

14 

S 

8 

30 

16 

16 

13 

38 

16 

H 

82 

30 

16 

18 

10 

80 

14 

34 

80 

16 

20 

80 

16 

V 

Gooi^lc 


NO.  SS—TABLES  AND  FORMULAS 


S^-HiJ!«Bltn^li!^^HH 


-C-— e'*HS-*-K3:3::?s-P'C-«-fi 


-  ■*HS'*H5*HE*TS-C'«'<w:-e:S3sa: 


:  aES3ra:sa:K-«c-G«3S2in!acca:s: 


3:;f:aa:H:»C3:a3s^;^»ea:2Kl:-cs=tns 


-  3;3;<'-S3;:S3!SSE!"K3;:e3;"G:E!BSC 


Goot^lc 


TAP  DRILLS 


Drills 

Drills 

Drais 

-tip 

"R'rS" 

Whil. 

SfMof 

Tap 

■rs- 

visit- 

S<»of 
T«p 

BrigBt 

'  Whit- 
worth 

T.ps 

ilK 

T.P8 

I 

ii 

i 

IJ 

111 

2h 

|{ 

8tt 

l\ 

S 

5 

If 

2A 

4* 

*A 

g 

41 

4H 

11 

2A 

2H 

M 

1]^ 

8A 

1 

1  i 

1 1 

»A 

8ft 

«A 

oonwtAxra  for  wxtnasa  du 

HBTBB    AT    BOOT    OP    TBBSAD. 

Threads 

U.S. 

SUDdard 

Whil  worth 

^ci 

Thread 

Thread 

"^^S" 

iT/h 

Thread 

V- 

Thread 

Thread 

3 

0.5774 

0.7698 

0.8693 

18 

0.0733 

20 

0.0650 

0.0860 

0.0640 

a 

0.5196 

0.6928 

0.6128 

22 

0.0500 

34 

2 

0.4724 

0.62B8 

0.46fl7 

26 

0.0500 

as 

0.5774 

0.4M9 

80 

0.0438 

0.0677 

0.0427 

8i 

0.8TO7 

o.ssae 

0.8940 

0.0400 

81 

84 

0.0882  1  0.0509 

0.0877 

0.3248 

0.4S80 

0.8303 

86 

0.0361     0.0481 

0  0856 

*i 

0.3887 

0.8849 

0.28« 

38 

0.8464 

0.2.WI 

40 

0.0835      0.04»8 

0.0330 

51 

0.S149 

43 

44 

7 

0.1B56 

0,2474 

0.16SO 

46 

0,0283  1  0.0377 

48 

0.H38 

SO 

0.0360  !  0,0846 

0.0356 

0.12TO 

0.1782 

0.1281 

63 

sa 

0.0283     0.0309 

0.0329 

0.1067 

60 

0.0317     0.0289 

64 

14 

0.1287 

0.0915 

68 

0.0191     0.0265 

15 

0.086S 

o.nsa 

0.0854 

72 

80 

0.0103 

0.0317 

0.0160 

TAPPIMO     aPHBDH     FOR 

BTAKDARD 

T4PB 

Tap 

Cast  IroD 

Wrought 

Diam. 

"tsp 

Cast  Iron 

Wrought  ! 

Diam- 
"Tap 

Cast  Iron 

Wright 

840 

205 

117 

91      i 

1 

51 

41 

a«5 

.  280 

96 

76      1 

1 

46 

88 

240 

190 

84 

65      1 

1 

40 

88 

^ 

153 

1 

73 

57      1 

3 

34 

38 

170 

1  i 

68 

50 

«t 

80 

26 

1 

14'J 

114 

_i.t__ 

57 

45      ' 

21 

20 

28 

Goo'^lc 


MISOBLLAHBOUS   TABLES. 


TABLB    OF 

DBOntAL    ■QOIVAUNTB    OF 

LKTBB    «M 

ZB  DWLLB. 

Le«« 

JSL 

letter    1   g'AlHn 

I    !...„ 

iHi' 

Letter 

Drill  Id 
Decimals 

2 

y 

X 

V 

u 

T 

0.418 
0.«M 

0.8fl7 
0.886 
0.877 
0.868 
0.858 

S          0.843 
R      1    0.839 

P  1  ?:g 

0      1    0.316 

H      I    0,803 
U      ■     0.29S 

L 

1  K 
J 

1  I 
H 
G 
F 

0.290  ' 
0.281  1 
0-277  1 
0.273  1 
0.266  1 
0.261 
0.257  1 

E 

D 
C 
B 
A 

0.300 

o.a4« 

0.242 
0.388 
0.284 

tWIBT    OaWh    AND 

S'FMML    -WIMM    OAOI 

No. 

Incbes 

No. 

Drill  in 
Inches 

N... 

'i^ii^ 

J 

0.1590 

41 

0.0960 

61 

0.0390 

0.2210 

22 

0,1570 

42 

0.0085 

62 

28 

0.1540 

48 

0.08B0 

63 

0.0370 

0.20W 

24 

0.1S30 

44 

as 

0,1495 

45 

0.0820 

65 

0.0860 

46 

0.2010 

27 

0,1440 

47 

0.0785 

67 

48 

0.0760 

68 

0.0810 

0.1900 

39 

0,1860 

49 

0.0780 

69 

0,I3H5 

60 

0.0700 

70 

0.0980 

0.1910 

81 

0,1300 

SI 

0.0670 

0.1890 

83 

0.1160 

53 

0.0685 

0.0250 

0.1130 

58 

0.0595 

78 

0.0240 

0, 18-20 

84 

0,1110 

M 

O.OSSO 

0.0221; 

o.ieoo 

85 

0,1100 

5.^ 

0.0520 

75 

0.0310 

50 

0.0465 

78 

0,0300 

0.1780 

87 

0.1040 

57 

0.0480 

77 

0.0180 

0  1015 

58 

0,0420 

78 

0.0160 

0,1600 

89 

0,0B93 

5» 

0.0410 

0.0145 

20 

0,1610 

40 

0.0080 

00 

0.0400 

eo 

0.018S 

ouTTUta 

BFBBDS    FOR 

SHAFKt.    PLAV 

BB    AND    I.ATHB 

TOOM. 

1 

Buss 

Cast  Iron 

Machine  Steel 

Tool  Steel 
Annealed 

Feet 

■1.T  Jlinute 

75  to  100 

25  to  85 

18  to  35 

IS  to  28 

^  .„7.      1    c;.7,7." 

JMO    ODTTWW. 

Machine  Steel 

A^ne^ 

P.«  p.r  Ml..,. 

80  to  120     1      40  to  60 

85  to  45 

36  to  85 

Gooi^lc 


T-BOLTS  AND  T-NUTS 


Re  vol 

tlons  per 

Mintite 

Dta      t 

Revol 

tions  per 

Minute 

Drill 

Wrought 

i£'. 

Wrought 

Inches 

Iron  and 

Steel 

CB«t  Iron 

BniBS 

Iron  and 
Steel 

C«t  Iron 

Brass 

V, 

1686 

1834 

8860 

\i 

64 

70 

140 

i 

768 

013 

1680 

61 

78 

184 

sta 

608 

1130 

60 

70 

130 

884 

4S6 

840 

67 

68 

126 

807 

866 

673 

66 

66 

130 

i 

366 

804 

660 

58 

68 

116 

aiB 

361 

480 

U 

SI 

61 

118 

I 

193 

338 

430 

40 

59 

108 

170 

308 

878 

48 

57 

105 

164 

886 

2A 

46 

55 

103 

18S 

186 

305 

ai 

46 

54 

100 

i 

128 

152 

380 

aX 

43 

53 

96 

'i 

118 

140 

358 

11 

43 

61 

98 

s 

100 

180 

230 

41 

49 

01 

11 

108 

133 

324 

3 
3i[ 

40 

^8 

88 

1 

96 

114 

310 

88 

47 

86 

lA 

90 

107 

197 

2, 

88 

45 

84 

1  t 

85 

101 

186 

3/ 

87 

41 

82 

lA 

81 

oa 

17? 

86 

48 

80 

li 

77 

01 

168 

3 

85 

41 

76 

78 

87 

160 

3 

83 

40 

78 

U 

70 

88 

158 

3 

81 

83 

70 

67 

70 

140 

A 

M 

« 

A 

4 

H 

ii 

i 

^  +  A  for  Blies  o£  bolt  up  to  |. 

1  for  )(  Eiie  of  bolt, 

i 

U 

A 

A 

i 

ItV  for  I  site  of  bolt. 

i 

■i 

11 

A 

i 

Gooi^lc 


38  NO.  35— TABLES  AND  FORMULAS 

BuloB  for  Plgurlnr  Tftpars. 

1.  If  the  taper  (oat  Is  known,  the  taper  per  Inch  Is  found  by  divid- 
ing the  taper  per  foot  by  12.  % 

2.  If  the  taper  per  Inch  Is  known,  the  taper  per  foot  Is  found  by 
multiplying  the  taper  per  inch  by  12. 

3.  To  find  the  taper  per  foot,  n  hen  the  diameters  at  the  large  and 
small  ends  and  the  length  of  the  taper  are  given,  subtract  the  small 
diameter  from  the  large,  divide  the  remainder  by  the  length  of  the 
taper,  and  multiply  the  result  by  12. 

4.  To  find  the  diameter  at  the  small  end  when  the  diameter  at  tlie 
large  end,  the  length  of  the  taper,  and  the  taper  per  foot  are  given, 
divide  the  taper  per  toot  by  12.  multiply  the  quotient  by  the  length  of 
the  taper,  and  subtract  the  resulting  dimension  from  the  diameter  at 
the  large  end. 

5.  To  find  the  diameter  at  the  large  end  when  the  diameter  at  the 
small  end,  the  length  of  the  taper,  and  the  taper  per  foot  are  given, 
divide  the  taper  per  foot  by  12,  multiply  the  quotient  by  the  length  of 
the  taper,  and  add  the  resulting  dimension  to  the  diameter  at  the 
small  end. 

6.  To  find  the  dimension  between  two  given  diameters  of  a  piece 
of  work,  when  the  taper  per  foot  is  given,  subtract  the  diameter  at 
the  small  end  from  the  diameter  at  the  large  end,  and  divide  the 
remainder  by  the  taper  per  foot  divided  by  12. 

1.  To  find  how  much  a  piece  of  work  tapers  in  a  certain  length, 
when  the  taper  per  foot  Is  given,  divide  the  taper  per  toot  by  12,  and 
multiply  the  quotient  by  the  dimension  of  the  certain  length  In  which 
the  taper  Is  required. 

Bul«B  for  e«ttlDS  over  tbe  Latbe  Tail-Stock  for  Tap«r  TurolDB. 

1.  To  find  the  amount  to  set  over  the  tall-stock  tor  work  tapering 
for  its  full  length,  when  the  taper  per  foot  and  length  of  the  work 
are  known,  divide  the  taper  per  foot  by  13,  multiply  the  quotient  by  the 
length  of  the  work,  and  divide  this  result,  in  turn,  by  2. 

2.  To  find  the  amount  to  set  over  the  tall-stock  for  work  tapering 
for  Its  full  length,  when  the  diameters  at  the  large  and  small  ends  are 
known,  subtract  the  small  diameter  from  the  large,  and  divide  the 
remainder  by  2. 

3.  To  find  the  amount  to  set  over  the  tail-stock  for  work  partly 
tapered  and  partly  straight,  when  the  diameters  at  the  large  and  small 
ends  ot  the  taper,  the  length  of  the  taper,  and  the  total  length  of  the 
work  are  known,  subtract  the  small  diameter  from  the  large,  divide  the 
remainder  by  the  length  of  the  taper,  multiply  the  quotient  thus  ob- 
tained by  the  total  length  of  the  work,  and  finally  divide  by  2. 

4.  To  find  the  amount  to  set  over  the  tail-stock  tor  work  partly 
tapered  and  partly  straight,  when  the  taper  per  toot  and  the  length  of 
the  work  are  known,  divide  the  taper  per  foot  by  12.  multiply  the 
quotient  by  the  length  of  the  work,  and  divide  this  result,  in  turn,  by  2. 
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The  Jarno  Tftper. 
In  the  Jarno  taper,  a  definite  relation  exlflta  between  the  number  of 
the  taper,  its  length,  aiiJ  the  diametera  at  the  large  and  small  enda. 
Given  the  number  of  the  taper,  the  lengtb  Ib  aa  many  half  Inches  aa 
ezpreBBed  by  the  number,  the  diameter  at  the  large  end  aa  many 
eighths  of  an  inch,  and  the  diameter  aa  many  tenths  of  an  Inch  aa 
designated  by  the  number  of  the  taper.  Thua,  a  number  7  Jarno  taper 
Is  seven-halfs  or  3^  inchea  long,  %  Inch  diameter  at  the  targe  end 
and  O.T  Inch  at  the  stnal]  end.  The  taper  per  foot  of  all  Jarno  tapera 
la  0.600  inch. 
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BulBa  lor  Calculating  Cutting  Speeds  and  Feeds. 

1.  To  And  the  number  of  revolutions  per  minute,  when  tbe  diameter 
of  work  (or  drill)  in  inches  and  tbe  cutting  speed  In  feet  per  minute 
are  known,  multiply  tbe  diameter  by  3.14,  and  divide  tbe  result  by  12; 
tben  divide  the  cutting  speed  by  tbe  figure  thus  obtained. 

2.  To  find  tbe  cutting  speed  In  feet  per  minute,  when  tbe  diameter 
of  the  work  (or  drill)  in  incbee,  and  the  number  of  revolutions  per 
minute  are  given,  multiply  the  diameter  by  3.14  and  divide  tbe  result 
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\iS  12;  then  multiply  the  quotient  thus  obtained  by  the  number  ot  revo- 
lutions per  minute. 

3.  To  find  the  time  required  for  one  complete  cut  over  the  work, 
when  the  feed  per  revolution,  the  total  lenstb  of  the  cut,  and  the 
number  ot  revolutions  per  minute  are  given,  divide  the  total  length 
of  the  cut  by  the  number  of  revolutions  per  minute  multiplied  by  the 
feed  per  revolutEon.  If  the  cutting  speed  Is  given,  originally.  Instead 
of  the  number  of  revolutions,  find  the  latter  number  first  from  Rule  1. 

Bui«s  r 

1.  Place  the  number  of  revolutions  of  the  driven  shaft  la  the 
numerator,  and  the  correapcndlng  number  of  revolutions  ot  the  driving 
Btaatt  In  the  denominator  of  a  fraction  (or.  In  general,  write  the  ratio 
in  the  form  of  a  fraction),  and  multiply  the  numerator  and  denomi- 
nator with  the  same  nuuibEr,  until  a  new  traction  is  obtained  having 
numerator  and  denominator  expressing  suitable  numbers  of  teeth  for 
the  gears.  The  gear  represented  by  the  new  numerator  is  the  driving 
gear,  and  that  represented  by  the  new  denominator  is  the  driven  gear. 

2.  If  compounding  of  the  gears  is  necessary  or  advisable,  divide 
up  botli  numerator  and  denominator  In  the  fraction,  giving  the  ratio, 
in  two  factors,  and  multiply  each  pair  of  factors  (one  factor  In  the 
numerator  and  one  in  the  denominator  mailing  "one  pair")  by  the 
same  numbers,  until  gears  with  suitable  numbers  ol  teeth  are  found. 

Bules  tor  Pladlng  Change  Oeers  for  6crew  Cuttlov  In  the  loathe. 

1.  To  find  the  number  of  threads  per  Inch,  it  the  lead  of  a  thread 
is  given,  divide  1  by  the  lead. 

2.  To  find  the  "screw- cut  ting  constant"  ot  a  lathe,  place  equal  gears 
on  spindle  stud  and  lead-screw,  and  if  the  gearing  is  compounded,  also 
equals  gears  on  the  Intermediate  stud:  then  cut  a  thread  on  a  piece  in 
the  lathe.  The  number  of  threads  cut  with  equal  gears  la  called  the 
"screw-cutting  constant"  ot  that  particular  lathe. 

3.  To  find  the  change  gears  used  in  simple  gearing,  when  the  screw- 
cutting  constant  as  found  from  Rule  2.  and  the  number  of  threads  per 
Inch  to  be  cut  are  given,  place  the  screw-cutting  constant  ot  the  lathe 
as  numerator  and  the  numt>er  of  threads  to  be  cut  as  denominator 
in  a  traction,  and  multiply  numerator  and  denominator  with  the  same 
number  until  a  new  fraction  results  representing  suitable  number  ot 
teeth  tor  the  change  gears.  In  the  new  traction,  the  numerator  repre- 
sents the  number  of  teeth  in  the  gear  on  the  spindle  atud,  and  the 
denominator,  the  number  of  teeth  In  the  gear  on  the  lead-screw. 

4.  To  find  the  change  gears  used  in  compound  gearing,  place  the 
screw-cutting  constant  as  found  from  Rule  2  aa  numerator,  and  the 
number  ot  threads  per  inch  to  be  cut  as  denominator  in  a  fraction; 
divide  up  both  numerator  and  denominator  in  two  factors  each,  and 
multiply  each  pair  of  factors  (one  factor  in  the  numerator  and  one 
in  the  denominator  making  "a  pair ')  by  the  same  number,  until  new 
fractions  result  representing  suitable  numt>er  of  teeth  tor  the  change 
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gears.    The  gean  represented  by  tbe  numbers  in  the  new  numerators 
are  driving  gears,  and  tbose  In  the  denominators  are  driven  gears. 
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a  tb«  Milling ' 

First  find  the  "lead"  ot  the  milling  machine.  To  find  the  lead  of  a 
milling  machine,  place  equal  gears  on  the  worm  stud,  and  on  the  feed- 
screw, and  multiply  the  number  of  revolutions  made  by  the  teed-ecrew 
In  order  to  produce  one  revolution  of  tbe  index  head  spindle,  by  the 
lead  of  tbe  feed-screw. 

To  then  find  the  change  gears  to  be  used  In  a  simple  train  of  gear- 
ing, when  cutting  spirals  on  a  milling  machine,  place  tbe  lead  ot  the 
spiral  In  tbe  numerator  and  the  lead  of  the  milling  machine  in  the 
denominator  ot  a  fraction,  and  multiply  the  numerator  and  denom- 
inator with  the  same  numtier,  until  a  new  fraction  is  obtained  In  which 
-  and  denominator  give  suitable  numbers  ot  teeth.     It 
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compounding;  of  the  gears  1b  necessary,  follow  tbe  same  rule  as  regardi 
dividing  up  numerator  and  denominator  In  tactora,  as  given  on  page 
44  tor  compound  gearing  In  tbe  lathe. 

Rule  for  SIse  of  Pnlleys  and  8pe«d  of  Shafts. 

The  number  of  rcToIutlons  of  one  shaft  multiplied  with  tbe  diameter 

of  the  pulley  on  tbe  some  shaft,  divided  by  the  number  of  revolutions 

of  tbe  second  shaft,  gives  the  diameter  of  tbe  pulley  of  the  second  shaft. 
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CHAPTER    I. 


PBINCIPLEa   OP  raON  AND  STBBL  MANUFACTURE. 

The  principles  of  iron  and  steel  manufacture  as  outliued  in  the 
present  chapter  were  originally  given  In  an  article  by  Mr.  Oeorge 
Schuhmann  in  The  Pilot,  and  repuliiiBhed  In  the  August,  1907,  Issue 
of  Machinebv. 

Commercial  Iron  and  steel  are  metallic  mixtures,  the  chief  ingredieat 
of  which  is  the  element  "Iron,"  that  is,  pure  Iron,  of  which  they  con- 
tain from  93  per  cent  to  over  99  per  cent.  The  difference  between  iron 
and  steel  Is  principally  due  to  the  composition  and  proportion  of  the 
remaining  ingredients. 

Iron  ore  Is  an  oxide  of  Iron  (Iron  rust)  containing  from  35  per  cent 
to  65  per  cent  of  Iron;  the  balance  Is  oxygen,  phosphorus,  sulphur, 
silica  (sand),  and  other  Impurities.  The  ore  is  charged  In  a  blast 
furnace,  mixed  with  limestone  as  a  flux,  and  melted  down  with  either 
charcoal,  coke,  or  anthracite  coal  as  fuel;  the  resulting  metal  Is  what 
Is  commercially  known  as  pig  Iron,  containing  about  93  per  cent  of 
purQ  Iron,  3  to  5  per  cent  of  carbon  (pure  coal),  some  silicon,  phos- 
phorus, sulphur,  etc.  ThU  pig  Iran  is  used  in  foundries  for  the  manu- 
facture of  iron  castings,  by  simply  remeltlng  it  In  a  cupola  without 
materially  changing  its  chemical  composition;  the  only  result  Is  a 
closer  grain  and  somewhat  Increased  strength. 

Tta*  Fuddling'  Process. 

In  the  manufacture  of  wrought  iron  the  pig  Iron  is  remelted  In 
Bo-called  puddling  furnaces,  by  charging  about  %  ton  in  a  furnace; 
while  in  a  molten  state,  the  Iron  la  stirred  up  with  large  Iron  hooks 
by  the  puddler  and  bis  helper,  and  kept  boiling,  bo  as  to  expose  every 
part  of  the  iron  bath  to  the  action  of  the  flame  In  order  to  1>urn  out 
the  carbon.  The  other  Impurities  will  separate  from  the  Iron,  form- 
ing the  puddle  cinder. 

The  purer  the  Iron  the  higher  is  Its  melting  point.  Pig  Iron  melts 
at  about  2,100  degrees  F.,  steel  at  about  2,500  degrees,  and  wrought 
Iron  at  about  2,800  degrees.  The  temperature  in  the  puddling  furnace 
Is  high  enough  to  melt  pig  Iron,  but  not  high  enough  to  keep  wrought 
Iron  in  a  liquid  state;  therefore,  as  soon  as  the  small  particles  of  Iron 
become  purified  they  partly  congeal  (come  to  nature),  forming  a 
spongy  mass  In  which  small  globules  of  Iron  are  in  a  eeml-plastlc 
state,  feebly  cohering  with  fluid  cinder  fllUng  the  cavities  lietween 
them.  This  sponge  Is  divided  by  the  puddler  into  lumps  of  about  200 
pounds  each;  these  lumps  or  balls  are  taken  to  a  steam  hammer  or 
squeezer,  where  they  are  hammered  or  squeezed  Into  elongated  blocks 
(blooms),  and  while  still  hot,  rolled  out  between  the  puddle  rolls  Into 
bar!  3  to  6  Inches  wide,  %  inch  thick,  and  15  to  30  feet  long.    ThfB 
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bars  are  called  puddle  bars  or  muck  bars,  and,  owing  to  the '  large 
amount  of  cinder  still  contained  therein,  they  have  rather  rough  eur- 
faces.  The  muck  bars  are  cut  up  Into  pieces  from  2  to  4  Inches  long,  and 
piled  on  top  of  each  other  In  Ho-called  "plies"  varying  from  100  to  2.000 
pounds,  according  to  the  size  product  desired.  These  plies  are  heated 
in  heating  furnaces,  and  when  white  hot,  are  taken  to  the  rolls  to  1>» 
weldM  together  and  rolled  out  Into  merchant  Iron  In  the  shape  of 
either  sheets,  plates,  bars,  or  structural  shapes,  as  desired.  When 
cold,  this  material  le  sheared  and  straightened,  and  Is  then  ready  tor 
the  market. 

After  leaving  the  puddling  furnace,  wrought  Iron  does  not  undergo 
any  material  change  In  its  chemical  composition,  and  the  only  physical 
change  is  an  expulsion  of  a  large  portion  of  the  cinder;  the  small 
cinderKXMited  globules  of  iron  are  welded  together  and  the  aubsequent 
rolling  back  and  forth  will  elongate  these  globules,  giving  the  Iron  a 
fibrous  structure,  and  the  reheating  and  rerolllng  will  drive  these 
fibers  closer  together,  thus  Increasing  the  strength  and  ductility  of 
the  metal. 

ClasBBB  and  Kinds  of  Stoat. 

The  word  steel,  nowadays,  covers  a  multitude  of  mixtures  which 
are  very  different  from  each  other  In  their  chemical  as  well  as  physical 
qualities.  The  Ingredient  that  eserts  most  Influence  on  these  vari- 
ations Is  carbon.  High  grade  razor  steel  contains  about  ly*  P^^  ce"*^ 
of  carbon,  springs  1  per  cent,  steel  rails  from  ^  to  %  per  cent,  and 
soft  steel  boiler  plate  may  go  as  low  as  1/16  per  cent  of  carbon.  Steel 
which  Is  very  low  in  carbon  can  easily  be  welded,  but  It  cannot  be 
tempered;  when  carbon  is  above  1/3  per  cent,  welding  Is  more  diffi- 
cult and  can  only  be  done  by  the  use  of  borax  or  some  other  flux,  or 
by  electric  or  thermit  welding.  Steel  with  carbon  above  %  per  cent 
can  be  tempered,  that  Is,  when  heated  to  red  heat  and  then  quenched 
In  water  or  other  liquid.  It  becomes  very  bard  and  can  be  used  tor 
tools  of  various  hinds,  such  aa  saws,  flies,  drills,  chisels,  cutlery,  etc. 
In  tool,  steel  other  ingredients  are  sometimes  used  to  influence  Its 
hardness,  such  as  nickel,  manganese,  chrome,  tungsten,  etc.,  the  last 
named  playing  an  Important  part  In  so-called  "high-speed  Steele,"  that 
Is,  tool  steels  that  will  cut  metal  at  a  high  speed  without  losing  their 
temper  or  hardness. 

As  stated  above,  pig  iron  and  cast  iron  contain  about  4  per  cent 
ot  carbon,  and  wrought  Iron  only  a  trace  of  it,  while  steel  is  between 
these  two  ^tremes.  The  manufacture  of  steel,  therefore,  refers  prin- 
cipally to  getting  the  right  proportion  of  carbon.  One  method  is  to 
take  pig  iron  and  bum  the  carbon  out  of  it,  as  In  the  Bessemer  and 
open-hearth  processes,  and  the  other  method  Is  to  take  wrought  iron 
and  add  carbon  to  it,  as  In  the  cementation  and  crucible  processes. 

Tbe  Bessemer  Process. 

In  the  Bessemer  process  the  molten  pig  Iron  is  put  Into  a  large 

pear-shaped  vessel,  called  the  converter,  the  bottom  of  which  Is  double, 

the  inner  one  being  perforated  with  numerous  holes,  called  tuyeres. 
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to  admit  air  to  be  forced  in  under  pressure.  The  molten  iron  (from 
10  to  15  tons  at  a  time)  Is  poured  Into  the  converter  while  the  latter 
la  lying  on  Its  side;  then  the  compreaaed  air  1b  turned  Into  the  double 
bottom  as  the  coDTerter  rises  to  a  vertical  position.  Tbe  air  has  auffl- 
cient  pressure  (about  SO  pounds  per  sqiiare  inch)  to  prevent  the  molt'i 
metal  from  entering  the  tuyeres.  The  air  streams  pass  up  through 
the  molten  metal  (piercing  It  like  so  many  needles)',  burning  out  the 
carbon,  silicon,  etc.,  accompanied  by  a  brilliant  display  of  sparks  and 
a  flame  shooting  out  of  the  mouth  o(  the  converter.  The  15  tons  of 
molteu  pig  Iron  contain  nearly  ^  of  a  ton  of  carbon,  and  since  this 
carbon  is  all  burned  out  In  less  than  ten  minutes,  this  rapid  rate  of 
ccmbuBtlon  increases  the  heat  of  the  metal  very  much;  It  does  not 
cool  It,  as  one  would  suppose  at  first  thought.  The  flame,  therefore, 
St  flrst  red,  becomes  brighter  and  brigtaler,  until  It  Is  Anally  so  white 
that  it  can  sacrcely  be  looked  at  with  the  naked  eye.  A  "blow"  gen- 
erally lasts  about  nine  to  ten  minutes,  when  the  sudden  dropping  ol 
the  flame  gives  notice  that  the  carbon  is  all  burned  out.  The  metal 
In  the, converter  is  then  practically  liquid  wrought  iron,  the  converter 
Is  then  laid  on  Its  side  again,  the  blast  shut  off  and  a  certain  amount 
of  spiegeleisen  or  lerromaoganese  is  added  In  a  liquid  form  so  as  to 
give  the  steel  the  prop«r  amount  of  carbon  and  manganese  to  make 
It  suitable  for  the  purpose  desired.  The  liquid  steel  is  then  poured 
out  Into  so-called  "Ingot  molds,"  and  the  resulting  "Ingots,"  while 
still  hot,  but  no  longer  liquid,  are  rolled  out  Into  blooms,  billets,  or 
.  rails  without  any  additional  reheating  except  a  short  sojourn  in 
so-called  "soaking  pits."  In  some  steel  works,  where  the  molten  pig 
iron  is  taken  In  large  ladle  cars  direct  from  the  blast  furnace  to  the 
converter.  It  is  possible  to  produce  rails  without  adding  any  fuel  to 
that  contained  In  the  molten  pig  iron,  so  that  the  red-hot  rail  lust 
Bnished  still  contains  some  of  the  heat  given  It  by  the  coke  In  the 
blast  furnace. 

The  Open-hoarth  Process. 

The  open-hearth  process,  sometimes  called  "the  Siemens-Martin 
process,"  is  similar  to  the  puddling  process,  hut  on  a  much  lai^r 
scale.  The  furnaces  generally  have  a  capacity  of  from  40  to  GO  tons 
of  molten  metal  (in  some  exceptional  cases  as  high  as  200  tons) ;  they 
are  heated  by  gas  made  from  bituminous  coal  (oil  and  natural  gas 
have  also  been  used).  The  gas  and  the  air  needed  tor  its  combustion 
are  heated  to  a  high  temperature  (over  1,000  degrees)  before  enter- 
ing the  combustion  chamber,  by  passing  them  through  so-called  regen- 
erative chambers.  Owing  to  this  preheating  of  the  gas  and  the  air, 
a  very  high  temperature  can  be  maintained  in  the  furnace,  so  as  to 
keep  the  Iron  liquid  even  after  It  has  parted  with  Its  carbon.  The 
stirring  up  of  the  molten  metal  Is  not  done  by  hooks  as  in  the  pud- 
dling furnace,  but  by  adding  to  the  charge  a  certain  proportion  of 
ore,  iron  scale,  or  other  oxides,  the  chemical  reaction  of  which  keeps 
tho  molten  Iron  In  a  state  of  agitation.  While  in  the  Bessemer  process 
only  pig  Iron  is  used,  in  the  open-hearth  furnace  it  Is  practicable  to 
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uao  also,  scrap  ol  wrought  Iron  or  steel,  as  the  higb  temperature  In 
the  turnaee  will  readl1:r  melt  It.  When  the  pig  Iron  or  scrap  contains 
too  much  phosphorus,  burnt  lime  Is  added  to  the  charge;  the  resulting 
slag  will  absorb  the  phosphorus,  thus  taking  It  out  of  the  metal.  This 
dephosphorlzation  by  means  of  burnt  lime  is  called  the  basic  process 
In  contradistinction  to  the  acid  process,  where  no  lime  Is  used,  but 
where  care  must  be  taken  that  the  metal  charged  Is  low  In  phosphorus. 
In  this  country,  the  basic  process  Is  at  present  used  only  In  connection 
with  open-hearth  furnaces,  while  in  Europe  It  is  also  used  In  man; 
Bessemer  plants  producing  the  so-called  "basic  Bessemer  steel." 

Producing  Tool  Steel. 

Crucible  steel  or  tool  steel,  formerly  called  cast  steel,  is  made  by 
using  high  grade,  low  phosphorus  wrought  Iron  and  adding  carbon 
to  It.  The  oldest  method  is  the  so-called  "cementation  process"  in 
which  the  iron  bars  are  packed  In  alr-tlgbt  retorts,  with  powdered 
charcoal  between  the  bars.  The  OlW  retorts  are  put  into  a.  c«nenta- 
tlon  furnace,  where  they  are  healed  to  a  red  heat  and  Kept  at  that 
temperature  for  several  days,  during  which  time  the  iron  will  absorb 
about  l<4  per  cent  of  Its  own  weight,  of  cartran.  The  process  is  simi- 
lar to  the  case-hardening  process  familiar  to  many  blacksmiths.  The 
carbonized  bars,  called  "  blister  steel,"  are  then  cut  Into  small  pieces, 
remelted  In  a  crucible,  and  from  there  poured  Into  molds,  forming 
small  billets,  which  are  afterward  hammered  or  rolled  Into  the  desired 
shapes.  The  newer  method  Is  to  put  the  small  pieces  of  wrought  . 
Iroh  direct  Into  an  air-tight  crucible  mixed  wltb  the  proper  amount 
of  powdered  charcoal,  and  melt  down;  the  Iron  will  absorb  the  carbon 
much  quicker  while  in  a  molten  state  than  when  only  rod-hot,  as  in 
the  cementation  furnace.  The  other  Ingredients,  such  as  chrome, 
tungsten,  etc.,  are  also  added  In  the  crucible. 

Malleable  and  Steel  Castisas. 

Malleable  castings  aro  produced  In  the  reverse  way  from  the  blister 
steel  referred  to  above,  that  Is,  Instead  of  taking  wrought  iron  and 
adding  carbon,  raattngs  made  of  cast  iron  are  made  malleable  by 
extracting  the  carbon.  The  castings  are  packed  Into  retorts  similar 
to  the  cementation  retorts,  but.  Instead  of  charcoal,  an  oxide  of  iron, 
generally  in  the  shape  of  hematite  ore.  Is  packed  with  them,  and  kept 
in  a  red-hot  state  for  several  days.  The  oxygen  of  the  ore  will 
absorb  the  carbon  In  the  Iron,  giving  the  latter  a  somewhat  steely 

Steel  castings  used  to  be  produced  In  the  same  manner,  but  now, 

steel  castings  are  cast  direct  from  the  ladle  containing  molten  steel, 

which  Is  generally  melted  in  an  open-hearth  furnace,  although  small 

BesBemer  converters  are  also  sometimes  used  for  this  purpose. 

DitrereDoa  betwaeu  Wrought  Iron  and  Low  Cart>on  Steel. 

While  chemically  there  Is  not  much  dlderence  between  wrought  Iron 
and  low  carbon  steel,  there  Is  considerable  difference  In  their  physical 
structures.    Owing  to  the   globules   of  pure   iron   being  coated   with 
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cinder  In  the  puddling  furnace,  the  anbeeanent  rolling  and  reworking, 
while  expelling  a  large  portion  of  this  cinder,  aiwayB  leaves  a  trace  of 
It  behind  which  gWes  wrought  iron  the  filler.  Steel  having  been  pro- 
duced In  a  liquid  form,  where  the  cinder  all  floated  to  the  top  and  was 
removed,  the  metal  1b  homogeneous,  that  Is,  without  any  grain  or 
fiber.  When  subjected  to  many  vibrations,  or  strains  due  to  frequent 
expansion  and  contraction,  wrought  Iron  will  generally  yield  grad- 
ually and  give  warning  to  the  Inspector,  while  steel  is  more  liable 
to  snap  oft  suddenly.  Wrought  Iron  being  composed  of  many  flbers, 
the  fibers  can  breali  one  at  a  time  without  directl;  affecting  Its  neigb- 
.bor  (lllie  the  strings  in  a  rope),  while  a  rupture  once  started  In  steel 
will  extend  more  rapidly.  Wrought  iron  will  also  resist  corrosion 
and  pitting  longer  than  steel,  no  doubt  due  to  higher  resisting  power 
of  the  enclosed  cinder,  which  also  causes  the  acid  to  deflect  endwise, 
thus  wealiening  Its  action  by  diffusing  It  over  a  larger  area  and  pre- 
venting deep  pitting.  Staji  bolts  and  iMller  tul>ee  for  locomotives  have  ' 
proved  more  satisfactory  when  made  of  wrought  Iron  than  of  steel. 
Thin  sheets,  tin  ptate,  corrugated  Iron  covering,  wire  fencing,  pipes, 
ol]  well  casings,  etc.,  have  also  proved  much  more  ilurable  when  made  , 
of  wrought  Iron  than  when  made  o(  steel.  On  the  other  hand.  In  . 
roils,  tires,  guns,  armor  plate,  etc.,  steel  has  proved  far  superior  to 
Iron,  owing  to  its  greater  strength  and  hardness;  corrosion  la  also 
here  of  minor  importance,  owing  to  the  rails,  etc.,  generally  being 
worn  out  long  before  corrosion  has  a  chance  to  affect  them  seriously. 
When  structural  steel  or  Iron  Is  used  for  bridges,  etc.,  it  is  necessary 
to  protect  the  metal  from  serious  corrosion  by  frequent  and  careful 
painting;  In  the  skeletons  of  high  office  buildings  and  other  sky- 
scrapers, when  completely  covered  with  concrete,  etc.,  so  as  to  thor- 
oughly exclude  air  or  moisture,  steel  as  well  as  Iron  will  last  indefl- 
nltely. 

Where  material  is  buried  In  tbe  ground,  or  exposed  to  the  weather 
without  the  careful  protection  of  paint,  or  where  moisture  has  access 
to  It  by  other  channels,  as  in  tbe  interior  of  pipes,  for  Instance, 
wrought  Iron  will  outlast  steel  by  a  good  margin. 

Oraphlcal  Illustration  of  the  Metallurgry  of  Iron. 
Tbe  diagram  Fig.  1  Illustrates  grophlcally  tbe  metallurgy  of  iron 
from  the  mine  to  the  market  and  affords  an  interesting  means  of  trac- 
ing out  the  different  processes  and  showing  the  kind  of  steel  or  Iron 
which  each  process  produces.  What  has  been  said  in  the  previous 
part  of  this  chapter  Is.  In  a  way.  summarized  In  tbls  diagram.  Thus 
we  see  that  the  ore  may,  by  the  direct  process,  be  changed  at  once 
to  wrought  iron  In  which  form  it  is  placed  upon  the  market.  The 
ore  may  go  direct  to  tbe  blast  furnace  or.  If  volatile  substances  are 
contained  In  the  ore,  it  Is  first  roasted,  by  which  method  these  sub- 
stances are  removed  and  the  ore  made  ready  for  the  blast  furnace.  In 
the  blast  furnace  the  ore  Is  changed  to  pig  iron  of  various  grades 
which  may  be  placed  directly  upon  the  market  or  it  may  I>e  tben 
treated  by  any  one  of  several  processes.    If  treated  by  the  I 
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process  th«  pig  Iron  1b  changed  to  Ingot  Iron,  In  which  fonn  It  Ib 
placed  upon  the  market.  If  treated  hy  the  op^i-hearth  process  It  Is 
also  changed  to  Ingot  Iron.  It,  however,  the  pig  Iron  is  sent  to  the 
foundry  It  Is  made  into  caBt  Iron  and  placed  upon  the  market  In  the 
form  of  castings.  In  the  puddling  furnace  the  pig  Iron  1b  changed  to 
marketahle  wrought  Iron  or  it  may  be  treated  by  the  cementation 
process,  in  which  It  Ib  changed  to  blister  steel,  from  which,  by  the 
crucible  process,  we  obtain  tool  steel. 

Dnlform  Nomenolatnre  of  Iron  and  Steel. 
At  the  Brussels  Congress  of  the  International  Association  tor  Test- 
ing  Materials  held   In   September,   1906,  a  report  was  presented  on 
"The  Uniform  Nomenclature  of  Iron  and  Steel."    The  following  defl- 
nitioDS  of  the  most  Important  forms  of  iron  and  steel  are  given: 


Alloy  oojt  irotu:  Iron  which  owe  their  praperties  chiefly  to  the 
presence  of  an  element  other  than  carbon. 

Alloy  tteeli:  Steels  which  owe  their  properties  chiefly  to  the  pres- 
ence of  an  element  other  than  carbon. 

Batic  piff  iron>  Pig  Iron  containing  so  little  silicon  and  sulphur 
that  tt  is  suited  for  easy  conversion  Into  steel  by  the  basic  open-hearth 
process  (restricted  to  pig  Iron  containing  not  mere  than  1.00  per  cent 
of  silicon). 

BetBemer  pig  iron:  Iron  which  contains  so  little  phosphorus  and 
sulphur  that  It  can  be  used  for  conversion  Into  steel  by  the  original 
or  acid  Bessemer  process  (restricted  to  pig  Iron  containing  not  more 
tban  0.10  per  cent  of  phosphorus). 

Beiitmer  Keel:  Steel  made  by  the  Beseemer  process,  Irrespective 
of  carbon  content. 

Blitter  steel:    Steel  made  by  carburtzlng  wrought  Iron  by  t 
it  In  contact  with  carbonaceous  matter. 
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'       PRINCIPLES  OF  MANUFACTURE  " 

Cait  iron:  Iron  coDtaining  8o  much  carbou  or  Its  equiTalent  that 
It  ia  not  malle&ble  at  any  temperature.  The  committee  recommends 
drawing  the  line  between  cast  iroQ  and  Bteel  at  2.20  per  cent  carbon. 

Ctut  tteel:  The  same  as  crucible  Bleel;  obsolete,  and  to  be  avoided 
because  confusing. 

Converted  steel:    The  same  as  blister  steel. 

Charcoal  hearth  coat  iron:  Cast  Iron  which  has  had  Its  silicon  and 
usually  Its  phosphorus  removed  In  the  charcoal  hearth,  but  still  con- 
tains so  much  carbon  as  to  be  'distinctly  cast  iron. 

Converted  steel:    The  same  as  blister  steel. 

Crucible  steel:  Steel  made  by  the  crucible  process,  Irrespective  of 
carbon  content. 

Oray  pijr  iron  and  gray  cast  iron;  Pig  iron  and  cast  iron  in  the 
fracture  of  which  the  Iron  Itself  is  nearly  or  quite  concealed  by 
graphite,  so  that  the  fracture  has  the  gray  color  o(  graphite. 

Ualleable  castings:  '  Castings  made  from  iron  which  when  first 
made  Is  In  the  condition  of  cast  Iron,  and  is  made  malleable  by  sub- 
sequent treatment  without  fusion. 

Malleable  iron:    The  same  as  wrought  iron. 

Malleable  pig  iron:  An  American  trade  name  for  the  plB  Iron  suit- 
able for  converting  Into  malleable  castings  through  the  process  of 
melting,  treating  when  molten,  casting  in  a  brittle  state,  and  then 
mailing  malleable  without  remeltlng. 

Open-hearth  steel:  Steel  made  by  the  open-hearth  process  irrespect- 
ive of  carbon  content. 

Pig  iron:  Cast  Iron  which  has  been  cast  into  pigs  direct  from  the 
blast  furnace. 

Puddled  iron:    Wrought  Iron  made  by  the  puddling  process. 

Puddled  tteel;  Steel  made  by  the  puddling  process,  and  necessarily 
'  siBK'bearittg. 

Refined  cast  iron:  Cast  Iron  which  has  had  most  of  Its  silicon 
removed  in  the  refinery  furnace,  but  still  contains  so  much  carbon 
as  to  l>e  distinctly  cast  Iron. 

Shear  tteel:  Steel,  usually  In  tbf  form  of  bars,  made  from  blister 
steel  by  shearing  It  into  short  lengths,  piling,  and  welding  these  by 
rolling  or  hammering  them  at  a  welding  heat.  If  this  process  of 
shearing,  piling,  etc..  Is  repeated,  the  product  Is  called  "double  shear 
Bteel." 

Bteel:  Iron  which  Is  malleable  at  least  In  some  one  range  of  tem- 
perature, and  In  addition  is  either  (a)  cast  Into  an  initially  malleable 
mass;  or,  (b)  Is  capable  of  hardening  greatly  by  sudden  cooling:  or, 
(c)  is  both  so  cast  and  so  capable  of  hardening. 

Sleel  castings:  Unforged  and  unrolled  castings  made  of  Bessemer, 
open-hearth,  crucible  or  any  other  steel. 

Washed  metal:  Cast  Iran  from  which  most  of  the  silicon  and  phos- 
phor have  been  removed  by  the  Bell-Krupp  process  without  remov- 
ing much  of  the  carbon,  so  that  it  still  contains  enough  carbon  to  bo 
cast  Iran. 

Weld  iron:    The  same  as  wrought  Iron;  obsolete  andJieodles 
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White  pig  iron  and  while  ca»t  iron:  Pig  iron  and  caat  Iron  In  the 
fracture  or  which  little  or  no  graphite  U  visible,  so  that  their  fracture 
U  BllTei7  and  wblte. 

Wrought  iron:  Slag-bearing,  malleable  iron,  which  does  not  harden 
materlaltr  when  euddenl;  cooled. 


CHAPTER   11. 


STEEL    CASTINGS. 

The  present  chapter  conelaU  of  an  abetract  published  in  the  June, 
1903,  Issue  of  Machinert  of  an  article  which  originally  appeared  in 
the  Journal  of  the  American  Bociety  of  Naval  Engineer§,  February, 
1903. 

The  raw  materials  that  usually  enter  Into  the  mailing  of  steel  out- 
ings are  steel  scrap,  pig  Iron  and  jron  ore.  The  scrap  consists  of 
the  crop  ends  of  plates,  shapes  and  forglngs  and  the  borings  and  turn- 
ings from  the  machine  shop.  Tbb  bulk  of  the  furnace  charge  Is  scrap, 
the  proportion  of  pig  being  about  one-Ufth  at  the  beginning  of  a  run 
-^at  Is,  Immediately  after  a  furnace  lias  been  rebuilt— and  increas- 
ing up  to  nearly  three-tenths  at  the  end  of  the  run,  when  the  (nmace 
lining  and  brick  work  generally  are  getting  so  slagged  and  burnt  out 
as  to  require  renewal.  These  proportions  are  for  acid  steel,  basic 
iteel  using  larger  quantities  of  pig.  The  amount  of  Iron  In  the  ore 
U  a  secondary  consideration,  the  ore  being  used  chieOy  for  Its  oxy- 
gen, which  comes  Into  ptay  In  oxidizing  the  m4all«ids  carbon,  silicon, 
sulphur,  and  phoepborus.  The  proportions  of  ore  required  In  a  charge 
depends  upon  the  character  of  the  other  ingredientB|  ordinarily  in  an 
acid  furnace  from  one  to  two,  or  two  and  a  half  per  cent  would  be  used. 
There  have  been  cases  where  scrap  could  not  be  procured,  and  the 
charge  has  been  made  up,  of  necessity,  entirely  of  pig  and  ore,  orer 
three-fifths  being  pig.  Hematite  ore  Is  the  variety  most  used,  and  Is 
obtained  In  large  quantities  in  the  Lake  Superior  region  In  this  coun- 
try and  Canada;  much  of  it  is  also  Imported  from  Cuba,  Spain  and 
elsewhere. 

The  amount  of  carbon  combined  with  iron  makes  one  dltterence 
between  wrought  Iron  and  steel  and  between  steel  and  cast  Iron.  A 
second  and  equally  important  difference  is  the  method  of  manufacture 
and  the  resulting  properties  and  character.  Wrought  Iron  Is  soft  and 
fibrous;  cast  Iron  Is  hard,  crystalline  and  brittle;  steel  comes  In  any- 
where  between. 

Basic  steel  is  used  In  making  castings,  but  not  so  generally  as  the 
acid  product.  Cheaper  raw  materials  can  bo  used  In  making  basic 
steel,  and  phosphorus,  the  element  chiefly  objected  to,  can  be  nearly 
eliminated.    It  is  more  expensive  than  acid  steel,  however,  and  fewer 
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beats  per  run  of  furnace  can  be  turned  out.  With  acid  steel  the  num- 
ber of  beats  will  reacb  nearl]'  three  for  each  twentr-four  hours,  de- 
pending upon  the  size  of  furnace  and  character  and  quantity  of  work.  * 

Open-beartb  Pumaces. 

The  raw  materials  are  melted  down  in  a  reTerberatory  furnace, 
wltb  gaseous  fnel  distilled  from  special  bituminous  coals  in  gas  pro- 
ducers. Under  each  end  of  tbe  furnace  is  a  pair  of  regenerators — one 
for  air.  one  for  gas — wbicb  communicate  wUb  tbe  furnace  on  one 
side  and  on  tbe  otber  wltb  flues  leading  to  tbe  sources  of  supply  of 
gas  and  air  to  tbe  chimney.  Reyerelng  valves  are  located  at  tbe 
point  where  the  flues  meet,  and  about  every  twenty  minutes,  wblle 
the  furnace  Is  In  operation,  the  valves  are  shifted  and  tbe  currents 
of  air  and  gas  turned  In  tbe  opposite  direction.  E:acb  regenerator  la 
nearly  filled  with  flre  brick  built  up  in  sucb  an  open  checker-board 
manner  tbat  tbe  air  and  gas  find  their  way  among  and  through  tbem, 
absorbing  heat  from  them  on  their  way  to  the  hearth,  and,  when 
spent,  giving  up  beat  to  those  in  the  opposite  regenerators. 

With  this  type  of  furnace  a  temperature  of  4,000  degrees  Fahren- 
heit can  be  attained,  but  as  tbe  supply  of  gas  and  air  la  at  all  times 
under  control,  tbe  temperature  can  be  made  whatsoever  may  be  de- 
sired. Tbe  process  In  the  furnace  will  be  acid  or  basic  according  to 
the  character  of  tbe  furnace  lining— basic  linings  and  additions  being 
used  in  one  case,  and  an  acid  lining,  such  as  ordinary  flre  brick  and 
flre  clay,  In  tbe  otber. 

Testa  on  Steel  Castings. 

Castings  requiring  annealing  are  placed  In  annealing  furnaces, 
where  they  are  gradually  and  uniformly  heated  up  to  temperatures 
depending  upon  tbe  composition  of  the  metal  and  varying  between 
1,2M  aid  1,600  degrees  Fahrenheit,  kept  soaking  at  tbe  maximum 
temperature  for  a  time  determined  by  tbeir  size,  and  allowed  gradually 
to  cool  wlthont  exposure  to  the  air.  When  cold  tbe  necessary  test 
specimens  are  cut  from  tbem  and  machined  accurately  to  required 
size.  These  specimens  are  then  broken  or  bent  In  an  approved  test- 
ing machine  according  to  tbe  specifications  prescribed.  Tbe  Bureau 
of  Steam  Engineering  of  the  Navy  Department  prescribes  the  follow- 
ing regarding  tbe  testing  of  steel  castlngB:  Sound  test  pieces  sball 
be  taken  in  sufficient  number  to  thoroughly  exhibit  the  character 
of  the  metal  In  tbe  entire  piece  from  each  of  the  following  castings, 
vit.:  Shaft  struts  or  brackets,  m^n  cylinder  or  ralve-chest  liners,  main 
pistons  and  followers,  eccentric,  reversing  and  rocker  shaft  arms,  cross- 
heads,  bedplates,  columns  of  main  engines  and  main  air  pumps,  shaft 
couplings,  and  all  large  caatlngs  weighing  over  200  pounds.  All  other 
castings  may  be  tested  by  lots,  as  follows;  A  lot  shall  consist  of  all 
castings  from  the  same  heat,  annealed  in  tbe  same  furnace  charge. 
From  each  lot  two  or  more  tensile  and  one  or  more  bending  test  pieces 
sball  tM  taken,  and  the  lot  passed  or  rejected  on  the  results  shown 
by  tbe  testa    Large  castings  sball  be  suspended  and  hammered  all 
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over  wltb  a  bammer  weighing  not  less  tban  TVj  pounds.    No  cracks, 
flaws,  detect  or  weakness  sball  appear  after  such  treatment. 

The  teoBlle  strength  of  high-class  steel  castings  varies  from  65,000 
pounds  to  80,000  pounds  per  square  Inch.  The  percentage  of  elonga- 
tion in  two  Inches  varies  from  15  to  IS  per  cent,  and  the  reduction 
of  area  from  20  to  26  per  cent. 

Unes  of  8t*sl  Ca«tlnfa. 

Steel  castings  are  used  for  cylinder  and  valve-cbest  covers,  tor  pis- 
tons, crosshead  guides  and  slippers,  bearing  caps  and  shoes,  eccen- 
tric sheaves  and  straps,  rocker  arms,  thrust-bearing  boxea  and  collars, 
bedplates  and  housings  and  other  parts  of  main  and  auxiliary  machin- 
ery; for  boiler  headers,  manifolds,  drum  ends,  dry  pipes,  manhole  and 
handhole  doors  and  other  parts  of  hollers;  anchors,  anchor  davits, 
hawse  pipes,  chocks,  mooring  and  towing  bltts.  stems,  stern  posts, 
stern  tubes,  shaft  brackets,  manhole  covers  and  other  parta  of  ships' 
bolls,  gun  mounts,  parts  of  dynamos  and  motors.  Their  use  In  ship 
construction  and  aboard  ship  Is  thus  seen  to  be  a  large  and  Important 

The  cast-stEel  girders  for  the  16-Inch  U.  S.  army  gun  carriage  meas- 
ure 33  feet  by  IT  feet  by  6  feet,  and  will  weigh  100,000  pounds  apiece; 
the  carriage  presents  problems  in  transportation  from  the  foundry 
to  the  arsenal  at  Watervliet  on  account  of  size  and  weight  A  large 
casting  turned  out  in  the  eastern  part  of  Pennsylvania  for  a  hydraulic 
forging  press  to  be  set  up  in  the  western  part  of  the  same  State 
required  about  320,000  pounds  of  metal  from  six  open-hearth  furnaces 

Bellabllitr  of  Bteel  Caatliiffs. 

A  forged  or  rolled  object  is  worked  down  from  a  billet  wblch  pre- 
viously was  hammered  or  pressed  down  from  an  ingot  or  part  of 
an  ingot,  and  during  these  stages  of  manufacture  the  metal  Is  more 
or  less  thoroughly  squeezed  and  pressed  and  caused  to  flow  upon  Itself 
In  various  directions,  and  alt  parts.  Inside  and  out,  receive  some  beat 
end  power  treatment,  so  that  the  Impression  grows  in  the  minds  cf 
those  who  manipulate  the  forgln^s  and  of  those  who  witness  the  ma- 
nipulation that  the  accepted  objects  are  free  from  weakening  defects; 
the  assurance  of  their  trustworthiness  Is  positive. 

In  the  case  of  castings  no  such  certainty  or  confidence  is  created. 
A  steel  casting  may  come  out  of  the  final  cleaning  process  a  thing 
of  beauty,  the  physical  and  chemical  tests  may  gladden  the  heart, 
the  required  machining  may  not  show  any  flaws,  yet  the  fear  remains 
that  below  its  surface  somewhere  a  treacherous  cavity  or  other  weak- 
ness may  some  day  show  up— a  day  when  most  dependence  Is  neces- 
sarily placed  upon  the  casting,  when  most  damage  ma;  rebult  from  Its 
failure  to  do  Its  duty. 
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STEEL  HABDENING  METALS. 

Id  tie  1904  Issue  of  "Mineral  Resources  of  the  United  St*tes,"  pub- 
llabed  by  tbe  U.  S.  Geological  Survey,  a  paper  appeared  written  by 
Mr.  Joeepli  Hyde  Pratt,  on  tbe  Steel  HardeninE  Metals.  An  abstract 
of  this  was  publlabed  in  the  May.  1905,  issue  of  Maoiikert. 

There  are  Included  under  tbe  bead  of  steel-bardenlng  metals,  nlclcel 
and  cobalt,  chromium,  tungsten,  molybdenum,  vanadium,  titanium,  and 
uranium,  which  are  named  In  tbe  order  of  the  Importance  of  their 
production  and  use  for  eteel-hardening  purposea. 

Tbe  special  steels  resulting  from  these  additions  vary  among  them- 
selves, liavlng  Individual  properties  of  tensile  strength  and  elastic 
limit,  of  ronductlvtty  for  beat  and  electricity,  of  magnetic  capacity  and 
of  resislance  to  impact,  whether  as  shell  or  as  armor  plate.  It  was 
only  about  twenty  years  ago  that  the  first  of  these  metals,  nlcliel. 
began  to  be  used  to  any  extent  for  tbe  purpose  of  hardening  steel,  but 
since  their  introduction  their  use  for  this  purpose  has  continued  to 
Increase  steadily.  Experiments  are  still  being  carried  on  with  some 
of  these  metals  In  order  to  determine  their  actual  commercial  value 
with  regard  to  tbe  qualities  that  they  Impart  to  steel.  In  the  arts  it 
Is  the  ferro-alloy  of  these  various  metals  that  Is  Qrst  prepared  and  is 
then  Introduced  in  the  required  quantity  into  the  manufactured  steel, 
but  this  ferro-alloy  Is  never  added  to  tbe  molten  mass  during  the 
manufacture  of  tbe  steel.  All  these,  metals  give  characteristic  and 
distinct  properties  to  steel,  but  In  all  cases  the  principal  quality  is 
the  increase  in  the  bardness  and  the  toughness  of  the  resulting  steel. 
Some  of  the  metals— aj  nlcitel,  chromium  and  tungsten— are  now 
entirely  Iwyond  the  experimental  stage  and  are  well  established  In 
the  commercial  world  as  definite  steel-hardening  metals,  and  new  uses 
are  being  constantly  devised  for  tbe  different  steels,  which  are  causing 
a  constant  Increase  in  their  production.  Others,  as  molybdenum  and 
vanadium,  though  they  have  been  proved  to  given  certain  poaltlve 
values  to  steel,  have  not  been  utilized  to  any  large  extent  as  yet  In 
tbe  manufacture  of  molybdenum  or  vanadium  ateel,  partly  on  account  - 
of  tbe  high  cost  of  the  ores  containing  these  metals.  Titanium  and 
uranium  are  atlll  In  the  experimental  stage,  and,  altbougb  a  good 
deal  has  been  written  aa  to  the  value  of  titanium  as  an  alloy  with 
steel,  there  Is  at  the  present  time  very  little  If  any  of  It  used  in  the 
manufacture  of  a  commercial  steel. 

Since  tbe  Introduction  of  the  electric  furnace  and  ihe  consequent 
methods  that  have  been  devised  for  reducing  ores.  It  has  become 
possible  to  obtain  these  ferro-alloys  directly  from  the  ores  by  reduc- 
ing them  In  the  electric  furnace,  and  hence  experiments  have  been 
conducted  on  a  tnuch  larger  scale  than  formerly. 

Goo'^lc 


14  NO.  36— IRON  AND  STEEL 

.Hftneran«B«  Ste«l. 

Besides  the  use  of  ferrom&nganeee  for  the  cbemlcal  effect  which  it 
produces  in  the  manofacture  of  steel  In  eliminating  injurious  sut> 
stancei,  it  is  alec  used  In'  the  production  of  a  special  steel  which  pos- 
eesses  to  a  considerable  degree  combined  harduess  and  toughness. 
Such  steel  contains  from  0.8  to  1>4  per  cent  of  carbon  and  about  12 
per  cent  of  manganese  and  is  known  as  "Hadfleld  manganese  steel." 
It  only  1.5  per  cent  of  manganese  is  added,  the  steel  1b  Terr  brittle, 
and  tbe  further  addition  Increases  this  brittleness  until  the  quantity 
of  manganese  has  reached  4  to  5.6  per  cent,  when  the  steel  can  be 
pulverized  under  tbe  hammer.  With  a  further  increase,  however,  of 
the  quantity  of  manganese,  the  steel  becomes  dnctlte  and  very  hard, 
reaching  Its  maximum  degree  of  these  qualities  with.  12  per  cent  of 
manganese.  Tbe  ductility  of  the  steel  is  brought  out  by  sudden 
cooling,  a  process  the  opposite  of  that  used  for  carbon  steel.  Tbese 
properties  of  manganese  steel  make  It  especially  adapted  for  use  In 
the  manufacture  of  rock-cmshlng  machinery,  safes,  and  mine  car 
wheels. 

Nlokel  Steel. 

Nickel  finds  Its  largest  use  In  the  manufacture  of  special  nickel 
and  nickel-chromium  steels,  and  the  use  of  tbese  steels  tor  various 
purposes  in  the  arte  is  constantly  Increasing.  The  greatest  quantity 
of  nickel  steel  Is  used  In  the  manufacture  of  armor  plate,  either 
with  or  without 'the  addition  of  chromium.  There  Is  probably  no 
armor  or  protective  deck-plate  made  which  does  not  contain  from  3 
up  to  5  per  cent  of  nickel.  NlcKel  steel  is  also  used  for  the  manufac- 
ture of  ammunition  hoists,  communication  tubes,  and  turrets  on  bat- 
tleships, and  for  gua  shields  and  armos. 

The  properties  of  nickel  steel  or  nickel-chromium  steel  that  make 
it  especially  adapted  for  these  purposes  are  Its  hardness  and  great 
tensile  strength,  combined  with  great  ductility  and  a  very  high  limit 
ot  elasticity.  One  of  the  strongest  points  In  favor  of  a  nickel  steel 
armor  plate  Is  that  when  it  is  perforated  by  a  projectile  it  does  not 
crack.  Tbe  Krupp  steel,  which  represents  In  composition  about  the 
universal  armor-plate  steel,  contains,  approximately.  3.5  per  cent  of 
nickel.  1.5  per  cent  of  chromium,  and  0.25  per  cent  of  carbon. 

Another  use  for  nickel  steel  that  Is  gradually  Increasing  is  the 
manufacture  ot  nickel  steel  rails.  During  1903  there  were  over  11.000 
tons  of  these  rails  manufactured,  which  were  used  by  the  Pennsylva- 
nia, the  Baltimore  A  Ohio,  the  New  York  Central,  the  Bessemer  A 
Lake  Erie,  the  Erie,  and  the  Chesapeake  &  Ohio  railroads.  Tbese 
orders  for  nickel  steel  rails  resulted  from  the  comparison  ot  nickel 
steel  and  carbon-steel  rails  In  their  resistance  to  wear  during  the 
five  months'  trial  of  the  nickel  steel  raUs  that  were  used  on  the 
Horseshoe  Curve  of  the  Pennsylvania  Railroad.  The  advantages  that 
are  claimed  for  the  nickel  steel  rail  are  Its  Increased  resistance  to 
abrasion  and  Its  higher  elastic  limit,  tvhicb  Increases  the  value  of 
the  rail  as  a  girder.  On  sharp  curves  It  has  been  estimated  that  a 
nickel   steel   rail    will    outlast   fnnr   ordinary    rails. 


Goot^lc 


STEEL  HARDENING  METALS  15 

Nickel  steel  has  also  been  largely  adopted  for  forglnga  in  large 
englneB,  particularly  marine  engines,  and  It  Is  understood  tliat  tble  Is 
now  the  standard  material  tor  this  purpose  In  the  United  States  navy. 
There  is  now  a  very  great  variety  o(  these  torglnga  and  drop  forglngs, 
including  the  axles  and  certain  other  parte  of  automobiles,  shafting 
and  crank-shafts  for  government  and  merchant-marine  enginea  and 
stationary  engines,  and  locomotive  foi^ngs.  the  last  including  axles, 
connecting-rods,  piston-rods,  crank-pins,  llnk-plns,  and  pedestal  cap 
bolts,  and  for  sea-^ater  pumps. 

Another  important  application  that  is  being  tried  with  nickel  steel 
is  In  the  manufacture  of  wire  cables,  and  during  the  last  years  snch 
cables  have  been  made  by  the  American  Steel  and  Wire  Co.,  but  no 
comparison  can  as  yet  be  made  between  them  and  the  ordinary  car- 
bon-steel cables  with  respect  to  their  wearing  qualities. 

tn  the  manufacture  of  electrical  apparatus  nickel  steel  Is  beginning 
to  be  used  in  considerable  quantity.  The  properties  of  this  steel  which 
make  Its  espejlatly  valuable  for  such  uses  are,  flrst,  Its  high  tensile  - 
strength  and  elastic  limit,  and.  second.  Its  high  permeability  at  high 
inductions.  Thus  steel  containing  from  3  to  4  per  cent  of  nickel  has 
a  lower  permeability  at  low  inductions  than  a  steel  without  the  nickel, 
but  at  the  higher  inductions  the  permeability  is  higher.  A  notable 
instance  of  the  use  of  this  material  Is  in  the  field  rings  of  the  5,000 
H.  P.  generators  built  by  the  Westlnghouse  Electric  and  Manufactur- 
ing Co.  for  the  Niagara  Falls  Power  Co.  These  fleld  rings  require 
very  high  tensile  strength  and  elastic  limit,  and  in  order  to  reduce 
the  quantity  It  Is  desirable  that  they  have  high  permeability  at  high 
inductions.  This  result  waa  secured  by  using  a  nickel  steel  contain- 
ing approximately  3.75  per  cent  of  nickel.  Steel  containing  approxi- 
mately 25  per  cent  of  nickel  is  nonmagnetic  and  has  a  very  low  resist- 
ance temperature  coefBclent.  This  property  Is  occasionally  of  value 
where  a  nonmagnetic  material  of  very  high  tensile  strength  is  re- 
quired. The  high  electrical  resistance  of  nickel  steel  of  this  qualltr. 
together  with  its  low  temperature  coefficient,  makes  it  valuable  for 
electrical  resistance  work  where  a  small  change  in  the  resistance  due 
to  change  In  temperature  Is  desirable.  The  main  objection  to  using 
nickel  steel  for  this  purpose  is  the  mechanical  defects  that  are  often 
found  In  wire  that  is  drawn  for  this  quality  of  nickel  steel. 

For  rock  drills  and  other  rock-working  machinery  nickel  steel  Is 
used  In  the  manufacture  of  the  forgings  which  are  subjected  to  re- 
peated and  violent  shocks.  The  nickel  content  of  the  steel  used  1> 
these  forgings  Is  approximately  3  per  cent,  with  about  0.40  per  ceni 
of  carbon.  The  rock  drllts  or  bits  are  made  for  the  most  part  ot 
ordinary  crucible  cast  steel  which  has  been  hardened  and  tempered. 
There  Is  a  fleld  for  investigation  here  in  respect  to  the  value  of  some 
of  the  special  drills  in  the  manufacture  of  rock-drill  steels  or  bits. 
A  nickel-chrome  steel  is  now  being  made  which  is  used  to  some  extent 
in  the  manufacture  ot  tools. 

Nickel  steel  in  the  form  of  wire  has  been  used  quite  extensively 
and  for  many  purposee— tor  wet  mines,  torpedo  defense  netting,  elec- 
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trie  lamp  wire,  umbrella  wire,  corset  wire,  etc- — wliere  a  non-corro- 
sive wire  Is  especially  desired.  Wben  a  low  coefficient  of  expaDSlon  Is 
desired — as  in  the  manufacture  of  armored  glass.  In  the  mounting  of 
lenses,  mirrors,  level  tubes,  balances  for  clocks.  nelKhlng  macblnes. 
etc. — nickel  steel  gives  good,  satisfaction.  For  special  springs,  both 
In  the  form  of  wire  and  flats,  a  high  carbon  nickel  steel  has  been 
Introduced  to  a  considerable  extent.  Nickel  steel  Is  also  being  used 
In  the  manufacture  of  dies  and  shoes  for  stamp  mills,  for  cutlery, 
table  ware,  harness  mountings,  etc. 

Nickel  steels  containing  from  25  to  30  per  cent  nickel  are  used 
abroad  to  a  considerable  extent  for  boiler  and  condenser  tubes  and 
are  now  being  Introduced  Into  this  country.  The  striking  characteris- 
tic of  these  steels  Is  their  resistance  to  corrosion  either  by  fresh,  salt, 
or  acid  waters,  by  beat,  and  by  superheated  steam.  The  first  commer- 
cial'manufacture  of  high  nickel  steel  tubes  began  in  France  In  1898, 
and  was  followed  In  Germany  In  1S99;  but  It  was  not  until  February. 
1S03.  that  these  tubes  were  made  In  the  United  States.  Since  then. 
however,  Mr.  Albert  L.add  Colby  states: 

"The  difficulties  of  their  manufacture  have  been  so  thoroughly  over- 
come that  the  30  per  cent  nickel-steel,  seamless,  cold-drawn  marine 
boiler  tubes,  now  a  commercial  proposition,  are  made  in  practically 
the  same  number  of  operations,  and  with  but  a  slightly  greater  per- 
centage of  discard  than  customary  In  the  manufacture  ot  ordinary 
seamless  tubes,  and,  furthermore,  the  finished  30  per  cent  nickel-steel 
tube  will  stand  all  the  manipulating  tests  contained  In  the  specifica- 
tions of  the  Bureau  of  Steam  Engineering,  United  States  Navy  De- 
partment, for  the  acceptance  of  the  carbon-steel  seamless  cold-drawn 
marine  boiler  tubes  now  In  use.  In  addition,  the  nickel-steel  tubes 
have  a  much  greater  tensile  strength." 

Although  the  first  cost  Of  the  nickel  steel  tubes  for  marine  boilers 
Is  considerably  in  excess  of  the  carbon-steel  tutjes-  yet,  on  account 
of  the  longer  life  of  the  nickel-steel  tubes,  they  are  in  the  end  cheaper 
than  the  others.  At  the  present  time  30  per  cent  nickel-steel  tubes 
cost  from  35  cents  to  40  cents  per  pound,  as  compared  with  12  cents 
to  15  cents  per  pound  for  the  corresponding  mild  carbon-steel  tubes. 
Thus  their  Initial  cost,  when  used  In  the  boilers  of  torpedo-boat 
destroyers,  Is  2.13  times  as  great  as  the  other  kind  and  2.43  times  as 
great  when  used  In  the  boilers  ot  battleships,  but  the  nickel  steel 
tubes  will  last  two-and-one-tblrd  times  longer  than  those  made  of  the 
carbon  steel,  and  when  finally  taken  from  the  boilers  they  can  be  sold 
not  only  for  the  market  price  of  steel-tubing  scrap,  but  also  at  an 
additional  price  ot  20  cents  per  pound  for  their  nickel  content.  Thus 
It  Is  seen  that  30  per  cent  nickel-steel  boiler  tubes  are  really  more 
economical  lo  purchase  than  carbon-steel  boiler  tubes. 

lu  addition  to  marine  boilers,  high  nickel-steel  tubes  can  be  used 
to  advantage  for  stationary  hollers,  automatic  boilers,  and  locomotive 
safe  ends-  It  Is  the  higher  elastic  limit  of  the  30  per  cent  nickel-steel 
boiler  tubing  that  will  prevent  the  leaks  that  are  constantly  being 
formed  where  the  mild  carbon-steel  tube  ia  used.    The  leaks  are  due 
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to  the  esDanelon  of  the  flue-sbeets  when  beated,  which  comprese  the 
tubes  at  the  paints  where  they  pass  through  the  flue-sheete,  and  cause 
In  the  case  of  the  mild  carbon-steel  tube  a.  permanent  deformation. 
This  results  In  leakage  and  necessitates  the  frequent  expanding 
of  the  tubes.  In  the  high  nickel-steel  tubes  this  dlfflcutt}'  is  over- 
come by  their  higher  elastic  limit.  This  deformation  and  the  result- 
ing leakage  are  especialif  true  of  locomotive  boHere,  For  automobile 
tubular  boilerB  a  23  to  25  per  cent  alckel-steel  tubing  is  used,  each 
colled  section  being  made  from  one  long  piece  ot  nickel-steel  tubing, 
which,  by  a  special  beat  treatment,  is  enabled  to  withstand  this  bend- 
ing without  cracking. 

Nickel-steel  tubing  containing  12  per  cent  of  nickel  has  been  used 
in  France  since  1S98  la  tjie  manufacture  of  axles,  brake  beams,  and 
carriage  transoms  for  Beld  artiiierr  wagons,  and  the  desired  result 
In  the  reduction  of  weight  has  been  obtained  without  loss  of  strength 
and  stiffness  ot  the  wagons.  A  G  per  cent  nickel-steel  tubing  has  been 
used  in  the  manufacture  of  bicycles  since  lSd6. 

Chromium  Steel. 

The  largest  use  of  chromium  is  In  the  manufacture  of  a  (erro-chro- 
mtum  alloy  which  is  used  In  the  manufacture  ot  chrome  steel.  In 
the  manufacture  ot  armor  plate  terro-chrome  plays  a  very  Important 
part,  and,  although  it  Is  sometimes  used  alone  tor  giving  toughness 
and  hardness  to  the  armor  plate,  it  is  more  commonly  used  in  com* 
binatlon  with  the  nickel,  making  a  nlckel-chromium-ateel  armor  plate. 
Other  uses  of  chrome  steel  are  In  connection  with  flve-ply  welded 
chrome  steel  and  Iron  plates  for  burglar-proot  vaults,  safes,  etc.,  and 
for  castings  that  are  to  be  subjected  to  unusually  severe  service,  such 
as  battery  shoes  and  dies,  wearing  plates  for  stone  crushers,  etc.  A 
higher  chromium  steel  which  Is  free  from  manganese  will  resist  oxi- 
dation and  the  corrosive  action  ot  steam,  flre,  water,  etc.,  to  a  con- 
siderable extent,  and  these  properties  make  it  valuable  in  the  manu- 
facture ot  boiler  tubes.  Chromium  steel  is  also  used  to  some  extent 
as  a  tool  steel,  but  for  high-speed  tools  it  is  being  largely'  replaced  by 
tungsten  steel,  which  is  especially  adapted  to  this  purpose. 

The  percentage  of  chromium  that  is  used  In  the  chrominm  steels 
varies  from  2.5  to  about  5  per  cent  and  the  carbon  from  O.S  to  2  per 
cent.  The  hardness,  toughness  and  stiffness  which  are  obtained  in 
chromium  steel  are  very  essential  qualities,  and  are  what  make  this 
steel  especially  beneficial  for  the  manufacture  of  armor-piercing  pro- 
jectiles as  well  as  of  armor  plate.  For  projectiles,  chromium  steel 
has  thus  tar  given  better  satisfaction  than  any  of  the  other  special 
steels,  and  is  practically  the  only  steel  that  Is  used  for  this  purpose. 
The  value  of  chromium  steel  for  this  purpose  is  well  brought  out  by 
Mr.  R.  A.  Hadfield,  manager  ot  the  Hecla  Works,  Sheffield,  England, 
who  states  that  a  6-tnch  armor-piercing  shot  made  by  this  Arm  was 
flred  at  a  9-fnch  compound  plate,  which  it  perforated  unbroken.  It 
was  then  flred  again  from  the  same  gun  and  perforated  a  second  plate 
of  the  same  thickness,  the  shot  still  remaining  unbroken 
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Tunsstvn  Steel. 

Tungsten  eleel  la  used  to  eome  extent  more  generally  abroad  tban 
In  the  United  States,  In  the  manufacture  of  armor  plate  and  armor- 
piercing  prolectlles.  For  tbls  purpose  It  Is  used  In  combination  either 
wltb  nickel  or  chromium,  or  with  both  ot  these  metalB.  The  use,  how- 
ever, tor  which  tungsten  Steel  Is  best  adapted  leln  the  manufacture 
of  high-speed  tools  and  magnet  steels.  The  property  that  tungsten 
imparts  to  the  steel  la  that  of  hardening  In  the  air  after  forging  and 
without  recourse  to  the  usual  methods  of  tempering,  such  as  Immer- 
sion in  oil,  water,  or  some  special  solution.  For  high-speed  tools  tung- 
sten steel  Is  especially  adapted,  as  It  retains  its  hardness  and  cutting 
edge  even  at  the  tetnpersture  developed  In  the  use  of  these  hlgh-q^ed 
tools.  The  value  of  tungsten  steel  for  permanent  magnets  Is  on  account 
of  It  retaining  comparatively  strong  magnetism  and  of  the  perman- 
ence ot  this  magnetlem  in  the  steel.  This  property  makes  the 
tungsten  steel  particularly  desirable  In  Instrument  work  where  the 
'  calibration  of  the  Instrument  depends  upon  the  permanence  of  the 
magnet  used.  For  compass  needles,  tungsten  steel  has  been  used  with 
entire  satlsractlon. 

Uolybdenum. 

The  use  of  molybdenum  steel  continues  to  increase,  and  hence  there 
Is  an  Increasing  demand  for  the  ores  of  this  metal.  The  main  use 
of  ferromolybdenum  Is  In  the  manufacture  of  tool  steel.  The  proper- 
ties which  molybdenum  gives  to  steel  are  very  similar  to  those  given 
by  tungsten,  the  main  difference  being  that  It  requires  a  smaller  quan- 
tity ot  molybdenum  than  of  tungsten  to  acquire  the  same  results. 
Ferromolybdenum  is  produced,  like  terrotungsten,  by  reducing  It 
from  the  ore  In  an  electric  furnace.  There  are  now  two  molybdenum- 
nickel  alloys  being  produced,  one  of  which  contains  75  per  cent  molyb- 
denum and  25  per  cent  nickel,  and  the  other  50  per  cent  molybdenum 
and  50  per  cent  nickel.  Besides  these  constituents  the  alloy  contains 
from  2  to  2.5  per  cent  Iron,  1  to  1.5  per  cent  carbon,  and  0.25  to  0.50 
per  cent  silicon.  The  molybdenum  steel  which  la  made  from  these 
alloys  ia  recommended  for  large  cranks  and  propeller-shaft  Forglngs, 
for  large  guns,  rifle  barrels,  and  for  wiring  and  lor  boiler  plates.  The 
molybdenum  Increases  the  elongation  of  steel  very  considerably,  and 
for  wire  drawing  such  an  increase  at  a  comparatively  small  coat  Is 
Important. 

Vanadluoi  Steel. 

On  account  of  the  extremely  high  price  and  scarcity  of  vanadium 
ores,  the  metal  has  thus  far  been  employed  very  little  In  the  manufac- 
ture ot  terrovanadlum  tor  use  In  the  production  ot  vanadium  steel. 
It  Is  claimed  by  many  that  the  beneficial  properties  imparted  to  steel 
by  vanadium  exceed  those  ot  any  of  the  other  steel  hardening  metals. 
These  are  exaggerated  statements,  but  it  may  be  found  that  smaller 
quantities  of  vanadium  will  give  In  some  cases  the  same  results  that 
are  obtained  by  comparatively- large  quantities  ot  the  other  metals. 
One  property  claimed  for  vanadium  steel  is  that  It  acquires  Its  mu 
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mum  of  hardnesB  not  by  sudden  cooling,  but  by  annealing  at  a  tem- 
perature o[  from  1.300  to  1,470  degrees  F.  This  property  would  be 
partlcularljr  advantageous  for  bigh-speed  tool  steel  and  for  points 
of  projectiles. 

Tttanlum. 
The  actual  commercial  value  of  titanium  as  a  steel -hardening  metal 
has  not  been  thoroughly  demonstrated.  Experiments  have  shown  that 
from  O.a  to  3  per  cent  of  titanium  Increases  the  transverse  strength 
and  the  tensile  strength  of  steel  to  a  very  remarkable  degree.  Until 
develcpment  ot  the  electric  furnace  It  was  practically  impossible 
.0  produce  either  titanium  or  an  alloy  of  Iron  and  titanium,  but  since 
:he  Introduction  of  this  furnace,  ferrotttanfum  can  be  produced  directly 
'rom  the  ores.  It  Is  to  the  manufacture  of  a  special  cast  Iron  that 
rerrotltanium  seems  to  be  especially  adapted.  The  titanium  In  the 
Iron  gives  greater  density  to  the  metal,  greatly  Increases  Its  trans- 
verse strength,  and  gives  a  harder  chill  or  wearing  quality  to  a  wheel 
made  from  such  an  Iron.  For  the  manufacture  of  car  wheels  It  would 
seem  that  the  titanium  Iron  would  be  especially  useful. 


CHAPTER    IV. 


DEVELOPMENT    AND    USB   OF  HIGH   SPEED   STEEL. 

The  following  discussion  on  high-speed  steel  and  tools  made  from 
this  material  was  published  in  Machineri  In  the  December.  1904, 
Issue,  and  is  an  abstract  of  a  pai>€r  read  by  Mr.  J.  M.  Gledhlll  before 
the   Iron  and   Steel  InHtitute.  cf  Great  Britain,  October.  1904. 

The  high-speed  steels  ot  the  present  day  are  combinations  of  Iron 
and  carbon  with;  (1)  Tungsten  and  chromium.  (2)  Molybdenum  and 
chromium.   (3)   Tungsten,  molybdenum  and  chromium. 

Influenoe  of  Carbon. 
A  number  of  tool  steels  were  matip  by  the  Armstrong  Whitworth 
Co.  with  the  carbon  percentage  varying  from  0.4  per  cent  to  3.2  per 
cent,  and  the  method  o(  hardening  was  to  heat  the  steel  to  the  high- 
est possible  temperature  without  destroying  the  cutting  edge,  and 
then  rapidly  cooling  in  a  strong  air  blast.  By  this  simple  method 
of  hardening  It  was  found  that  the  greatest  cutting  efDriency  Is  ob- 
tained where  the  carbon  ranges  from  0,4  per  cent  to  0.9  per  cent,  and 
such  steels  are  comparatively  tough.  Higher  percentages  are  not 
desirable  because  great  difficulty  is  experienced  In  forging  the  steels, 
and  the  tools  are  inferior.  With  Increasing  carbon  contents  the  steel 
Is  also  very  brittle,  and  has  a  tendency  to  break  w|th  unequal  and 
intermittent  cutting. 
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InDuence  of  CtiromluDi. 

Having  tbuB  found  the  best  carbon  content  to  range  from  0.4  per 
cent  to  0.9  per  cent,  tbe  next  experiments  were  made  to  ascertain 
the  influence  ot  chromium  varying  from  1.0  per  cent  to  6.0  per  cent. 
Steels  containing  a  low  percentage  are  very  tough,  and  perform  excel- 
lent work  on  the  softer  varieties  of  Steel  and  cast-iron,  but  when  tried 
on  harder  materials  the  results  obtained  were  not  so  efficient.  Witb 
an  Increased  content  of  chromium  the  nature  ol  the  steel  becomes 
much  barder,  and  greater  cutting  efficiency  is  obtained  on  hard  ma- 
terials. It  was  observed  that  with  an  Increase  of  chromium  there 
must  be  a  decrease  in  carbon  to  obtain  tbe  beat  results  for  such  per- 
centage of  chromium. 

Mention  may  here  be  made  ot  an  interesting  experiment  to  ascer- 
tain wbat  effect  would  be  produced  in  high-speed  steel  by  substituting 
vanadium  for  chromium.  The  amount  of  vanadium  present  was  2.0 
per  cent.  The  steel  readily  forged,  worked  very  tough,  and  was  hard- 
ened by  heating  to  a  white  heat  and  cooling  In  an  air  blast.  This  tool 
when  tried  on  medium  steel  stood  well,  but  not  better  than  tbe  steel 
with  the  much  cheaper  element  of  cbromlum  in  it. 

Influence  of  Tungsten. 
This  Important  element  Is  contained  In  by  far  the  greater  number 
of  the  present  high-speed  steels  In  use.  A  number  of  experiments 
were  made  wltlj  the  tungsten  content  ranging  from  9.0  per  cent  to 
27.0  per  cent.  From  9.0  per  cent  to  16.0  per  cent  the  nature  of  the 
steel  tiecomcs  very  brittle,  but  at  the  same  time  the  cutting  efficiency 
Is  greatly  Increased,  and  about  16.0  per  cent  appeared  to  be  the  limit, 
as  no  better  results  were  obtained  by  Increasing  the  tungsten  beyond 
this  figure.  Between  18.0  per  cent  and  27.0  per  cent  It  was  found  that 
the  nature  of  tbe  steel  altered  somewhat,  and  Instead  of  being  brittle, 
It  became  softer  and  tougher,  and  whilst  sncli  to<51s  have  tbe  prop- 
erty ot  cutting  very  cleanly,  they  do  not  stand  up  so  well. 

Influence  of  Molybdenum. 
Tbe  influence  of  this  element  at  the  present  time  Is  under  Investiga- 
tion, and  tbe  experlmenls  with  it  have  so  far  produced  excellent  re- 
sults; it  has  been  found  that  where  a  large  percentage  of  tungsten  Is 
necessary  to  make  a  hlgh.fljeed  steel,  a  considerably  less  percentage  of 
molybdenum  will  suffice.  A  peculiarity  of  these  molybdenum  steels 
is  that  In  order  to  Obtain  the  greatest  efficiency  they  do  not  require 
such  a  high  temperature  In  hardening  as  do  the  tungsten  steels,  and 
If  tbe  temperature  is  Increased  atwve  I,S00  degrees  F.  the  tools  are 
Inferior,  and  tbe  life  shortened. 

Influence  ot  TuuBSten  with  Molybdenum. 

It  was  lound  that  the  presence  of  from  0.5  per  cent  to  3.0  per  cent 

molybdenum  in  a  high  tungsten  steel  slightly  Increased  the  cutting 

efflciency,  hut  the  advantage  gained   Is  altogether  out  of  proportion 

to  the  cost  of  the  added  molybdenum.  ^  , 
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InQuenoe  of  Sllloon. 

A  Dumber  of  bigb-Bpecd  steels  were  made  wltb  silicon  content  vary- 
ing from  a  trace  up  to  4.0  per  cent.  Silicon  eeniibly  bardcns  such 
Ble«lB.  and  tbe  cutting  efficiency  on  bard  materlali  Is  Increase!  by  addi- 
tions up  to  3.0  per  cent.  By  increasing  the  Bllicon  above  3.0  per  cent, 
bowcver,  tbe  cutting  efficiency  begins  to  decline.  Various  experiments 
■were  made  wltb  other  metalB  as  alloys,  but  the  results  obtained  «ere 
not  sufficiently  good  by  comparison  wltb  the  above  to  call  for  comment. 

An  analysis  of  one  of  tbe  best  qualities  of  blgb-speed  steels  produced 
by  the  author's  Arm  (Armstrong.  Wbltworth  Co.)  Is  as  follows:  "A.W." 
Steel. — Carbon,  0.5G  per  cent;  Chromium,  3.5  per  cent;  Tungsten,  13.5 
per  cent. 

What  may  l>e  said  to  determine  a  high-speed  steel,  as  compared  to 
an  ordinary  tool  steel,  is  its  capability  of  withstanding  the  higher 
temperatures  produced  by  tbe  greatly  Increased  friction  between  the 
tool  and  tbe  work  due  to  the  rapid  cutting.  An  ordinary  carbon  steel 
containing,  say,  1.20  per  cent  carbon  when  healed  slightly  above  the 
critical  point  and  rapidly  cooled  by  quenching  in  water  Iwcomes  in- 
tensely hard.  Such  a  steel  gradually  loses  this  Intense  hardness  as 
the  temperature  of  friction  reaches,  say,  GOO  degrees  F.  Tbe  lower 
the  temperature  is  maintained  tbe  longer  will  be  the  lite  of  the  tool, 
so  that  the  cutting  speed  is  very  limited.  With  rapid  cutting  steels 
tbe  temperature  of  friction  may  be  greatly  extended,  even  up  to  1,100 
degrees  F.  or  1,200  degrees  F.,  and  it  has  been  proved  by  experience 
that  the  higher  the  temperature  for  hardening  Is  raised  above  the 
critical  point  and  then  rapidly  cooled,  the  higher  will  be  the  tempera- 
ture of  friction  that  the  tool  can  withstand  before  senalbly  losing  its 
hardness.  The  high  degree  of  heating  (almost  to  tbe  melting  point,  In 
fact)  which  is  necessary  tor  hardening  high-speed  steel,  forms  an  In- 
teresting study  In  thermal  treatment  and  Is  Indeed  a  curious  para- 
dox, quite  Inverting  all  theory  and  practice  previously  existing.  In 
the  case  of  hardening  ordinary  carbon  steels  very  rapid  cooling  is 
absolutely  necessary,  but  with  high-speed  steels  the  rate  of  cooling 
may  take  a  considerably  longer  period,  the  intensity  of  hardness  being 
Increased  with  the  quicker  rate  of  cooling. 

Heat  Treatment  of  Hlfh-Speed  Steel. 

Turning  now  to  some  points  in  the  heat  treatment  of  hlgb-apeed 
steel,  one  of  the  most  Important  is  the  process  ot  thoroughly  anneal- 
ing it  after  working  into  bars.  Accurate  annealing  Is  of  much  value 
in  bringing  the  steel  to  a  state  of  molecular  unltormlty,  thereby  remov- 
ing Inlernal  strains  that  may  have  arisen,  due  to  casting  and  tilting. 
and  at  the  same  time  annealing  renders  the  Bteel  sufflcUntly  soft  to 
enable  it  to  be  machined  Into  any  desired  form  for  turning  tools, 
milling  cutters,  drills,  taps,  threading  dies.  etc.  The  annealing  of 
high-speed  steel  is  best  carried  out  in  muffle  furnaces  designed  for 
heating  by  radiation  only,  a  temperature  of  1,400  degrees  F.  being 
maintained  from  twelve  to  eighteen  hours  according  to  the  section 
of  the  bars  of  steel  dealt  with.    Further  advantage  also  results  from 
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careful  annealing  by  minim Izlng  risks  of  cracking  when  tbe  Bteel 
bae  to  be  rebeated  for  hardening.  In  cases  of  intricately-shaped  mill- 
ing tools  having  sharp  square  bottom  recesses,  fine  edges,  or  delicate 
projections,  and  on  which  unequal  expansion  and  contraction  are  lia- 
ble to  operate  suddenly,  annealing  has  a  very  beneficial  effect  toward 
reducing  cracking  to  a  minimum.  Increased  ductility  Is  also  imparted 
by  annealing,  and  this  Is  especially  requisite  In  tools  that  have  to 
encounter  sudden  shocks  due  to  intermittent  cutting,  such  as  planing 
and  slotting  tools,  or  others  suddenly  meeting  projections  or  irregu- 
larities on  the  work  operated  on. 

In  preparing  high-speed  steel  ready  (or  use  the  process  may  bo 
divided  principally  Into  Ibree  stages:  forging,  hardening,  and  grind- 
ing. It  is.  of  course,  very  desirable  that  high-speed  steel  should  be 
capable  of  attaining  Its  maximum  efficiency  and  yet  only  require  treat- 
ment of  the  simplest  kind,  so  that  an  ordinarily  skilled  workman  may 
easily  deal  with  It,  otherwise  the  preparation  of  tools  becomes  an 
expensive  and  costly  matter,  and  materially  reduces  the  advantages 
resulting  from  its  use.  Fortunately,  the  treatment  of  high-speed  steel 
as  produced  by  leading  Anns  is  of  the  simplest;  simpler  In  fact  than  of 
ordinary  carbon  steels  or  of  the  old  self-bardening  steels.  Qreat  care 
has  to  be  exercised  In  the  heating  of  the  latter  steels,  for  if  either 
are  heated  above  a  blood-red  beat,  say  1,600  degrees  F.,  the  danger 
of  impairing  their  efficiency  by  burning  is  considerable;  whereas  with 
tbe  high-speed  steel,  heating  may  be  carried  to  a  much  higher  tem- 
perature, even  to  the  melting  point,  It  being  practically  impossible 
to  Injure  it  by  burning.  The  steel  may  be  raised  Co  a  yellow  heat  tor 
forging,  say  l,8G0  degrees  F.,  at  which  temperature  It  Is  soft  and 
easily  worked  Into  any  desired  form,  the  forging  proceeding  until 
the  temperature  lowers  to  a  good  red  heat,  say  1,500  degrees  F.,  when 
work  on  it  should  cease  and  the  steel  be  reheated. 

In  beating  a  bar  of  high-speed  steel  preparatory  to  forging  (which 
heating  is  best  done  in  a  cUar  coke  fire)  it  Is  essential  that  the  bar 
be  heated  thoroughly  and  uniformly,  so  as  to  ensure  that  the  heat 
has  penetrated  to  tbe  center  of  tbe  bar.  for  If  the  bar  be  not  uniformly 
heated,  leaving  the  center  comparatively  cold  and  stiff,  while  the  out- 
side is  hot,  the  steel  will  not  draw  or  spread  out  equally,  and  crack- 
ing will  probably  result.    A  wise  rule  in  heating  la  to  "hasten  slowly." 

It  is  not  advisable  to  break  pieces  from  the  bar  while  cold,  the 
effect  of  so  doing  tending  to  Induce  One  end  cracks  to  develop  which 
ultimately  may  extend  and  give  trouble;  but  the  pieces  should  be  cut 
oft  while  tbe  bar  is  hot,  then  be  reheated  as  before  and  forged  to  the 
shape  required,  after  which  tbe  tool  should  be  laid  In  a  dry  place 
until  cold. 

Tbe  temperature  for  hardening  high-speed  steel  varies  somewhat 
according  to  the  class  of  tool  being  dealt  with.  When  hardening  turn- 
ing, planing,  or  slotting  tools,  and  others  of  similar  class,  the  point 
or  nose  of  tool  only  should  be  gradually  raised  to  a  white  melting  beat, 
though  not  necessarily  melted;  but  no  harm  is  done  even  it  tbe  point 
of  tbe  tool  becomes  to  a  greater  or  less  extent  fused  or  melted. 
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The  tool  should  then  be  Immediately  placed  in  an  air  blast  and  cooled 
down,  after  which  it  only  requires  ErindiOE  and  is  then  ready  for  use. 
Another  method,  which  may  be  described,  ot  preparing  the  tools  is  as 
follows;  Foree  the  tools  as  before,  and  when  quite  cold  grind  to  shape 
on  3  dry  atone  or  dry  emery  wheel,  an  operation  which  may  be  done 
with  the  tool  Qied  tn  a  rest  and  led  against  the  stone  or  emery  wheel 
by  a.  screw,  no  harm  resulting  from  any  heat  developed  at  tbie  stage. 
The  tool  then  requires  heating  to  a  white  heat,  but  Just  ehort  ot  melt- 
ing, and  afterward  complete  cooling  In  the  air  blast.  This  method 
of  flrat  roughly  grinding  to  shape  also  lends  Itself  to  cooling  the  tools 
In  oil,  which  is  specially  etOcient  where  the  retention  ot  a  sharp  edge 
is  a  desideratum,  aa  In  finUbing  tools,  capstans  and  automatic  lathe 


FIC.  9.    Hdflla  FdisSO*  Hit  Hardnlos  KmiiiB  OnlMn  msd*  of  EB^II  B[ma  Btsal  1  also 
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tools,  brasa-workerB*  tools,  etc.  In  hardening  where  oil  cooling  Is  used, 
the  tools  should  be  first  raised  to  a  white  heat,  but  without  melting, 
and  then  cooled  down  either  by  air  blast  or  in  the  open  to  a  bright  red 
heat,  say  1,700  degrees  F.,  when  tbey  should  be  instantly  plunged  Into 
a  bath  of  rape  or  whale  oil,  or  a  mixture  ot  both. 

Referring  to  the  question  ot  grinding  tools,  nothing  has  yet  been 
found  so  good  for  hlgb-Speed  steels  as  the  wet  sandstone,  and  the  tools 
ground  thereon  by  hand  pressure,  but  where  it  Is  desired  to  use  emery 
wheels  It  Is  better  to  roughly  grind  the  tools  to  shape  on  a  dry  emery 
wheel  or  dry  stone  before  hardening.  By  so  doing  the  tools  require  but 
little  grinding  after  hardening,  and  only  slight  frlctional  heating 
occurs,  but  not  sufficient  to  draw  the  temper  in  any  way.  and  thus  the 
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cutting  efflclency  is  not  Impaired.  Wben  the  tools  are  ground  on  a 
wet  emery  wheel  and  undue  pressure  Is  applied,  the  heat  generated 
by  the  great  friction  between  the  tool  and  the  emery  wheel  causes  the 
steel  to  become  hot.  and  water  playing  on  the  steel  while  In  this  heated 
condition  tecde  to  produce  cracking. 

With  regard  to  the  hardening  and  tempering  of  specially  formed 
tools  of  high-speed  steel,  such  as  mllllDg  and  gear  cutters,  twist  drills, 
taps,  threading  dies,  reamers,  and  other  tools  that  do  not  permit  of 
being  ground  to  shape  after  hardening,  and  where  any  melting  or 
fusing  of  the  cutting  edges  must  be  prevented,  the  method  of  hardening 
Is  as  follows: 

A  specially  arranged  muffle  furnace  heated  either  by  gas  or  oil  Is 
employed,  and  consists  ol  two  chambers  lined  with  fire-clay,  the  gas 
and  air  entering  through  a  series  of  burners  at  the  back  ot  the  furnace, 
and  so  under  control  that  a  temperature  up  to  2,200  degrees  F.  may  be 
steadily  maintained  in  the  lower  chamber,  while  the  upper  chamber  la 
kept  at  a  much  lower  temperature.    Before  placing  the  cutters  in  the 


furnace  It  Is  adTisable  to  fill  up  the  hole  and  keyways  wltb  common 
fire-clay  to  protect  them.  The  cutters  are  first  placed  upon  the  top  ol 
the  furnace  until  they  are  warmed  through,  after  which  they  are  placed 
in  the  upper  chamber,  Fig.  2,  and  thoroughly  and  uniformly  heated  to 
a  temperature  of  about  1,500  degrees  F.,  or,  say,  a  medium  red  beat, 
when  they  are  transferred  into  the  lower  chamber  and  allowed  to 
remain  therein  until  the  cutter  attains  the  same  heat  as  the  furnace 
itself,  via.,  about  2,200  degrees  F,  and  tie  cutting  edges  become  a  bright 
yellow  heat,  having  an  appearance  of  a  glazed  or  greasy  surface.  The 
cutter  should  then  be  withdrawn  while  the  edges  are  sharp  and  nnln- 
Jured,  and  revolved  before  an  air  blast  until  the  red  heat  has  passed 
away,  and  then  while  the  cutter  Is  still  warm — that  le,  just  pennittlng 
of  its  being  bandled^lt  should  be  plunged  Into  a  batb  ot  tallow  at  about 
200  deg.  F.  and  the  temperature  ot  the  tallow  bath  then  raised  to  about 
r)20  degrees  F..  on  the  attainment  of  which  the  cutter  should  be  immedi- 
ately withdrawn  and  plunged  in  cold  oil. 


)vGoo'^lc 


HIGHSPEED  STEEL 


25 


Of  course  there  are  various  other  ways  of  temperias.  a  good  method 
being  by  means  of  a  specially  arranged  gas-and-alr  stove  Into  which 
the  articles  to  be  tempered  are  placed,  and  the  stove  then  heated  up 
to  a  temperature  of  from  600  degrees  F.  to  600  degrees  F.,  when  the 
gas  1b  sbut  off  and  the  furnace  with  Its  contents  allowed  to  slowly  cool 

Heatliis  Steel  by  Eleotiioal  Means. 
Another  method  of  heating  tools  Is  by  electrical  means,  by  which 
very  regular  and  rapid  heating  Is  obtained,  and  where  electric  current 
is  available,  the  system  of  electric  heating  is  quick,  reliable,  and 
economical.  A  brief  description  of  this  kind  of  heating  may  be  ot 
interest.  One  method  adopted  of  electrically  heating  the  points  ot 
tools,  and  the  arrangement  of  apparatus,  is  shown  in  Eng.  3.  It  con- 
sists of  a  cast-Iron  tank,  of  suitable  dimensions,  containing  a  strong 
solution  of  potassium  carboDate,  together  with  a  dynamo,  the  positive 
cable  from  which  1b  connected  to  the  metal  clip  holding  the  tool  to  be 
heated,  while  the  negative  cable  Is  connected  direct  on  the  tank.  The 
tool  to.be  hardened  Ib  held  In  a  suitable  clip  to  ensure  good  contact 


Proceeding  to  harden  the  tool  the  action  Is  as  follows:  The  current  Is 
first  switched  on,  and  then  the  tool  Is  gently  lowered  Into  the  solution 
to  such  a  depth  as  la  required  to  harden  it.  The  act  of  dippiug  the 
tool  Into  the  alkaline  solution  completes  the  electric  circuit  and  at 
once  sets  up  IntenBe  beat^on  the  Immersed  part.  When  It  Ib  seen  that 
the  tool  is  sufficiently  heated  the  current  Is  Instantly  switched  oft,  and 
the  solution  then  servee  to  rapidly  chill  and  harden  the  point  of  the 
tool,  so  that  no  air  blast  is  necessary. 

Another  method  of  heating  the  point  of  tools  Is  by  means  of  the 
electric  arc,  the  beating  effect  of  which  is  also  very  rapid  in  Its  action. 
The  general  arrangement  and  form  of  the  apparatus  here  employed 
la  as  illustrated  In  Fig.  4.  The  tool  under  treatment  and  the  positive 
electrode  are  placed  on  a  bed  of  non-conducting  and  non-combustible 
material  and  the  arc  started  gradually  at  a  low  voltage  and  steadily 
Increased  as  required,  by  controlling  the  shunt  rheostat,  care  being 
taken  not  to  obtain  too  great  a  heat  and  so  fuBe  the  end  of  the  tool. 
The  source  of  power  In  this  case  Is  a  motor  generator  consisting  ol  a 
continuous-current  ahunt-wound  motor  at  220  volts,  coupled  to  a  con- 
tinuous-current shunt-wound  dynamo  at  from  50  to  150  voltb.     Arcs 
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from  10  to  1,000  amperes  are  then  easily  produced  and  simply  and 
sateljr  controlled  by  means  qf  the  shunt  rheostat. 
Tsmperlng. 

Electricity  Is  also  a  very  efficient  and  accurate  means  of  tempering 
such  forms  of  tools  as  mllKug.  gear,  hobblsg  and  other  similar  cutters, 
also  large  hollow  taps,  hollow  reamers,  and  all  other  hollow  tools  made 
of  high-speed  steel,  where  It  ts  required  to  have  the  outalde  or  cutting 
portion  hard,  and  the  Interior  soft  and  tenacious,  so  as  to  be  In  the 
best  condition  to  resist  the  great  stresses  put  upon  the  tool  by  the 
resistance  of  the  metal  being  cut,  and  which  stresses  tend  to  cause 
disruption  of  the  cutter  IF  the  hardening  extends  too  deep.  By  means 
of  the  apparatus  Illustrated  In  Fig.  5  this  tempering  or  softening  of  the 
Interior  can  be  perfectly  and  quickly  effected,  thus  bringing  the  cutter 
into  the  best  possible  condition  to  perform  rapid  and  heavy  work. 

Tempering  of  hollow  cutters,  etc.,  is  sometimes  carried  out  by  the 
insertion  of  a  heated  rod  within  the  cutter  and  so  drawing  the  temper. 
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but  this  Is  not  entirely  satisfactory,  or  sclentlflc,  and  is  liable  to  Induce 
cracking  by  too  sudden  heat  application,  and  further  because  of  the 
difficulty  of  maintaining  the  necessary  heat  and  temperature  required, 
and  afterward  gradually  lowering  the  beat  until  the  proper  degree  of 
temper  has  been  obtained.  In  electrical  tempering  these  difficulties  are 
overcome,  as  the  rod  Is  placed  Inside  the  cutter  quite  cold,  and  the 
electric  current  gradually  and  steadily  heata  up  the  rod  until  the 
correct  temperature  is  reached.  Then  it  can  be  held  at  such  tempera- 
ture as  long  as  Is  necessary,  and  the  current  can  be  gradually  reduced 
until  the  articles  operated  on  are  cold  again,  and  consequently  the  risk 
of  cracking  by  too  sudden  expansion  and  contraction  is  reduced  very 
greatly.  The  apparatus  used  Is  very  simple,  as  will  be  seen  by  reference 
to  Fig.  5.  It  consists  of  a  continuous-current  shunt-wound  motor 
directly  coupled  to  a  single-phase  alternating-current  dynamo  of  the 
revolving  field  tjrpe  giving  100  amperes  at  350  volts,  60  cycles  per 
second,  the  exciting  current  being  taken  from  the  works  supply  main. 
The  power  from  the  alternator  Is  by  means  of  a  stepdown  transformer. 
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reduced  to  current  at  a  preeeure  of  2  volts,  the  aecoBdary  coll  of  tb« 
transformer  conaUtlng  of  a  single  turn  ol  copper  of  beary  croea-Bection, 
the  eztremlttes  of  whlcli  are  attached  to  heavy  copper  bara  carrying 
tbe  connecting  vlaea  balding  the  mandrel  upon  which  the  cutter  to  be 
tempered  la  placed.  The  secondary  Induced  current,  tberetore,  paases 
ttarougb  a  alngle  turn  coil,  through  the  copper  bara  and  vlsea  and 
mandrel.  Although  the  resistance  of  the  complete  circuit  is  very  low, 
still,  owing  to  the  comparatively  high  specific  resistance  of  tbe  iron 
mandrel,  the  thermal  effect  of  the  current  is  used  up  in  beating  the 
mandrel  which  gradually  attains  the  required  temperature,  slowly 
imparting  its  heat  to  the  tool  under  treatment  until  tbe  shade  of  tbe 


oxide  on  the  tool)  satlsflea  the  operator.  Tbe  method  adopted  to  regu- 
late tbe  beat  of  tbe  mandrel  la  by  varying  the  excitation  current  of  the 
alternator  by  means  of  the  rheostat.  An  extremely  fine  variation  and 
perfect  beat  control  Is  easily  possible  by  this  arrangement. 

Home  BeaultB  of  the  Uae  of  Blffb-Speed  Bteel. 
That  great  Aionomy  Is  effected  by  tbe  use  of  high-speed  steel  )e 
beyond  all  doubt,  from  whichever  point  of  view  tbe  question  Is  looked 
at;  for  It  Is  not  only  rapidity  of  cutting  that  counts,  but  the  output 
of  machines  Is  correspondingly  Increased,  so  that  a  greater  production 
Is  obtained  from  a  given  installation  than  was  possible  when  cutting 
at  low  speeds  with  the  old  tool  steel,  and  the  work  is  naturally  produced 
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at  a  correspondingly  lower  coat,  and  o(  courae  (t  [oIIowh  from  this  that 
that  in  laying  down  new  plant  and  machlnee  the  Introduction  and  use 
of  high-speed  ateei  would  have  considerable  influence  in  reducing  ex- 
penditure on  capital  account,  it  has  also  been  proved  tliat  litgh-speed 
cutting  is  economical  from  a  mechanical  standpoint  and  that  a  given 
borse-power  will  remove  a  greater  quantity  of  metal  at  a  lilgh  speed 
than  at  a  low  speed,  for  although  more  power  is  naturally  required  to 
Uke  off  metal  at  a  high  than  at  a  low  speed  (by  reason  ot  the  increased 


work  done)  the  increase  ol  that  power  is  by  no  means  In  proportion 
to  the  large  extra  amount  of  work  done  by  the  high-speed  cutting,  for 
the  frictional  and  otber  losses  do  not  increase  In  anything  like  the  aame 
ratio  as  a  blgh-cuttlng  speed  is  Co  a  low-cutting  speed.  A  brief  example 
of  this  may  be  given  In  which  the  power  absortied  in  the  lathe  was 
accurately  measured,  electrically. 

Cutting  on  hard  steel,  with  3/16-Inch  depth  of  cut,  1/16-lnch  feed  and 
speed  ot  cutting  IT  feet  per  minute,  a  power  of  5.16  horse-power  was 
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absorbed,  and  increasing  the  cutting  speed  to  42  feet  per  minute,  the 
depth  of  cut  and  feed  being  the  same,  there  was  a  saving  In  power  of 
19  per  cent  for  the  work  being  done.  Another  experiment  with  depth 
of  cut  3/S  inch  and  traverse  1/16  inch  compared  with  1/16  inch  traverse 
and  3/16  inch  depth  of  cut,  showed  a  saving  in  power  of  as  much  as 
28  per  cent,  and  still  proceeding  with  a  view  of  Increaaing  the  weight 
of  metal  removed  In  a  given  time  the  feed  was  doubled  (other  condi- 
tions being  the  same)   and  a  still  further  saving  ot  power  resulted. 
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In  a  word,  as  In  the  majority  ol  things,  so  it  Is  with  rapid  cutting,'  the 
more  quickly  work  can  be  produced  the  cheaper  the  cost  ot  production 
will  be. 

Again,  as  regards  economy,  there  is  not  only  a  saving  effected  on  the 
actual  machine  worI<,  but  Bince  the  advent  ot  high-speed  cutting  it  la 
now  possible,  in  many  instances,  to  produce  finished  articles  from  plain 
rolled  bare,  Instead  of  following  the  old  practice  of  flr|t  making  expen- 
sive forgings  and  afterward  Qnlshing  them  In  the  machine.  By  this 
practice  not  only  Is  the  entire  cost  ot  forging  abolished,  but  the  machin- 
ing on  the  rolled  bar  can  be  carried  out  much  quicker  and  cheaper  In 
suitably  arranged  machines,  quicker  even  than  the  machining  of  a 
forging  can  be  done. 

A  remarkable  sample  of  the  gain  resulting  from  tbe  use  of  high- 


n«.  0.    Uaklnc  HOXSCOD  NuU  from  Rollfd  Ban  wltta  Cunera  made  from  BlBb-Spsad 
et«*l.    Ninety  Nula  PnxlucM]  In  ■  Day  of  Tea  Boun. 

speed  cutting  from  rolled  bars  Is  illustrated  in  Fig.  6,  the  articles  in  this 
case  being  sec u ring-bolts,  made  by  the  author's  firm,  for  armor  plates. 
Formerly  where  forgings  were  first  made  and  then  machined  with 
ordinary  self-hardening  steel,  a  production  of  eight  bolts  per  day  of  ten 
hours  was  usual.  With  the  introduction  of  high-speed  steel,  forty 
similar  bolts  from  the  rolled  bar  are  now  produced  in  the  same  time, 
thus  giving  an  advsntage  ot  five  to  one  in  favor  of  quick  cutting,  and 
also  In  addition  abolishing  the  cost  of  first  rough  forging  the  belt  to 
form;  In  fact,  the  cost  of  forging  one  holt  alone  amounted  to  more 
than  the  present  cost  of  producing  to  required  form  twelve  such  bolts 
by  high-speed  machining.  The  cutting  speed  at  which  these  bolts  are  ■ 
turned  Is  160  feet  per  minute,  the  depth  of  cut  and  teed  being  respec- 
tively 3/4  inch  and  1/32  inch,  the  weight  ot  metal  removed  from  each  . 
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bolt  being  62  pounds,  or  2,480  poutade  in  a  day  of  ten  hours,  the  tool 
being  only  ground  once  during  such  period  of  work;  from  anch  an 
example  as  this  It  will  be  at  once  apparent  what  an  enormoiia  aavlng 
in  plant  and  costs  resuHs.  On  the  same  principle  the  sleeves  (see  Pig. 
S)  ot  these  bolts  are  produced  from  bars,  sixty  being  made  in  one  dar 
of  ten  hours,  this  being  even  a  greater  saving  on  the  old  system  than 
the  bolt  exampje  shows. 

Equally  remarkable  results  are  obtained  by  operating  on  stock  bars 
with  high-speed  milling  cutters,  and  one  example  among  many,  may 
be  cited,  which  Is  shown  in  Fig.  7.  Here  hexagon  nuts  for  3%  Inches 
diameter  bolts  are  made  from  rolled  bars,  the  cutting  effbed  of  milling 
being  150  feet  per  minute,  giving  a  production  of  ninety  nuts  per 
day,  against  thirty  formerly.  More  than  ninety  nuts  could  have  been 
produced  had  the  machine  been  more  powerful. 


CHAPTER    V. 


HABDENING    STEEL. 

Everr  shop  has  one  or  more  men  who  are  considered  authorities  on 
hardening.  In  many  cases  the  man  is  really  an  expert,  Is  careful, 
and  uses  good  Judgment  In  heating  the  steel  and  In  quenching  In  the 
bath,  and  If  the  piece  Is  of  suCBclent  size,  he  la  sure  to  take  the  strains 
out  by  reheating  directly  after  taking  from  the  bath.  In  some  cases, 
however,  the  success  of  one  operation  Is  measured  by  the  failure  of 
others.  Then  If  the  work  passes  through  the  Sery  ordeal  with  enough 
ot  It  left  Intact  to  do  the  work  It  le  considered  a  successful  operation; 
if  not,  the  fault  must  be  in  the  steel,  A  manufacturing  concern  tmce 
changed  the  brand  of  tool  steel  they  were  using  three  times  in  less  than 
a  year,  because  the  man  doing  the  hardening  reported  adversely  on 
ecch  make,  after  attempting  to  harden  it.  The  article  furnlahed  was 
from  three  of  the  leading  makers  of  tool  steel.  After  receiving  repeated 
complaints  In  regard  to  the  man's  inability  to  harden  the  Gteel  success- 
fully,  one  of  the  makers  advised  the  manufacturers  to  let  some  expert 
In  hardening  try  the  steel.  Some  milling  machine  cutters  were  made 
from  each  brsnd  of  the  rejected  article  and  sent  to  the  steel  makers. 
They  all  came  back  hard  enough,  without  cracks,  proving  that  the 
trouble  uas  not  In  the  steel. 

Kind  of  Steal  Used.. 

An  expensive  steel  Is  not  necet^sarlly  a  satisfactory  Investment,  and 
a  "cheap"  brand  may  be  very  expensive.  II  is  necessary  to  understand 
Just  what  Is  needed  in  a  steel  for  a  given  purpose.  Some  makers  have 
different  grades  of  steel  for  different  purposes — one  for  laps  and  similar 
tools,  another  for  milling  machine  cutters,  etc. — while  others  put  out 
a  Steel  that  is  very  satisfactory  for  most  purposes.    Each  has  a  good 
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argument  in  tavor  o(  bin  particular  method  of  manufacture.  In  some 
Bhopa  It  la  thought  advisable  to  use  a  grade  of  steel  adapted  to  each 
Individual  class  of  tool;  while  In  other  shops,  where  detail  Is  not 
followed  as  closely,  this  would  cause  no  end  oC  confusion.  That  part 
of  the  subject  must  be  left  to  the  judgment  ol  the  individual  shop. 
But  the  treatment  of  the  steel  In  the  fire  and  the  bath,  In  order  to  be 
successful,  must  be  along  certain  lines.  The  succeBSful  hardener  is  he 
who  finds  out  what  particular  quality  is  needed  In,  the  piece  he  ts  to 
harden;  whether  extreme  hardness,  toughness,  elasticity,  or  a  com- 
bination of  two  of  th»e  qualities.  Then  he  must  know  the  method  to 
UBS  fn  order  to  produce  the  desired  result.  The  shape  of  the  piece,  the 
nature  of  the  steel,  the  use  to  be  made  of  the  article,  must  all  be  taken 
into  cousi deration.  He  must  also  t>e  governed  somewhat  by  the  kind 
of  Are  be  Is  to  use. 

EestlDff  the  Steel. 

Some  brands  of  steel  will  not  stand,  without  Injury,  the  range  of 
beat  ttiat  others  will;  some  require  more  heat  than  others  in  order  to 
harden  at  all.  When  hardening,  no  steel  should  be  heated  hotter  than 
la  necessary  to  produce  the  desired  result.  With  some  brands  that 
give  oft  their  aurlace,  carbon  very  readily  It  Is  not  advisable  to  heat 
them  in  an  open  tire,  exposed  to  the  action  of  the  blast  and  outside 
air,  as  the  products  of  combustion  extract  the  carbon  to  such  an  extent 
that  the  surface  will  be  soft  even  when  the  Interior  Is  extremely  hard. 
While  this  might  not  materially  affect  a  too]  that  Is  to  be  ground.  It 
would  spoil  a  tap,  a  formed  cutter,  or  similar  article,  whose  outside 
surface  could  not  be  removed.  In  hardening  anything  of  this  uature 
In  an  open  fire.  It  should  be  placed  In  a  piece  of  tube  or  some  receptacle, 
BO  that  the  Ore  cannot  come  in  contact  with  it  while  beating.  There 
are  a  number  of  gas  and  gasoline  hardening  furnaces  made  which  have 
a  muffler  to  receive  the  work.  The  fire  circulates  around  the  muffler 
but  does  not  coma  In  contact  with  the  ateel.  Very  excellent  results 
may  be  obtained  when  one  of  these  furnaces  Is  used.  The  front  can 
be  closed  by  means  of  a  door,  thus  keeping  all  ontside  air  away 
from  the  work.  It  will  be  found  a  great  advantage  If  several  large 
holes  are  drilled  In  the  door,  these  being  covered  with  Isinglass,  to 
enable  the  operator  to  see  the  work  without  opening  the  door. 

Taking  carbon  from  the  steel  is  not  the  only  injury  done  to  a  high 
grade  of  steel  when  heated  In  an  ordinary  blacksmith's  forge  by  a 
careless  operator.  Most  inexperienced  men  arc  apt  to  use  a  small  Are. 
particularly  if  they  find  one  ready  built.  It  may  be  mostly  burned  out, 
but  the  operator  will  not  care  to  take  the  time  to  get  fresh  coal,  and 
get  the  Are  to  the  proper  heat;  so  he  puts  on  the  blast  and  endeavora 
to  heat  the  work.  After  a  time  the  piece  has  all  kinds  of  heats,  ranging 
from  a  low  red  to  a  white  heat.  The  operator  thinks  it  averages  well, 
and  dips  It  In  the  bath.    It  It  comes  out  In  one  piece  he  is  fortunate. 

Heating  in  a  small  fire  Is  dangerous  business,  as  the  work  not  only 
comes  In  contact  with  the  surrounding  air.  but  with  the  cold  air  from 
the  blast,  which  wiil  cause  minute  surface  cracks,  making  the  sleel 
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look  as  though  full  at  balrs.    It  vill  also  fill  the  steel  with  "etralna," 
causing  ends  of  projections  to  crack  and  drop  off  In  the  bath. 

ir  obliged  to  use  the  blacksmith's  forge,  use  plenty  of  good  charcoal. 
Make  a  large,  high  fire  If  the  piece  to  be  hardened  Is  of  any  size;  keep 
it  up  well  from  the  blast  Inlet,  using  only  blast  enough  to  keep  the  Are 
.  lively,  and  bring  the  piece  to  the  proper  heat,  burying  it  well  In  the 
fire  to  keep  It  from  the  air.  The  lowest  beat  that  will  give  the  desired 
result  should  be  used.  This  varies  In  different  makes  of  steel,  and 
must  also  be  varied  somewhat  according  to  size  and  shape  of  the  work. 
The  teeth  of  a  milling  machine  cutter  will  harden  at  a  lower  heat 
than  a  solid  piece  of  the  same  size  made  from  the  same  bar.  Most 
steelmakers  In  their  instructions  advise  to  harden  at  a  low  cherry  red. 
To  the  average  man  this  is  a  very  uncertain  degree;  his  cherries  may 
be  of  a  different  hue  from  some  other  fellow's.  Most  of  the  leading 
brands  ol  tool  steel  in  small  sizes,  however,  give  the  best  results  when 
hardened  Just  after  the  black  has  disappeared  from  the  center  of  the 
piece,  provided  we  were  heating  slowly  so  as  to  get  a  uniform  heat. 
In  no  case  should  steel  be  dipped  when  there  Is  a  trace  of  black  In  It. 

Tbe  higher  a  piece  of  steel  Is  heated — to  a  certain  degree — the  harder 
ii:  will  be;  but  If  It  Is  heated  higher  than  to  this  degree  the  grain  Is 
opened,  luaklng  It  coarse  and  brittle,  and  it  will  be  very  liable  to  flake 
off  under  strain.  For  this  reason.  In  the  case  of  cutting  tools.  It  Is 
best  to  harden  at  as  low  a  heat  as  posalble.  if  the  work  gets  too  hot. 
yet  not  to  a  point  where  it  is  burned,  it  Is  always  best  to  allow  it  to 
coot  until  the  red  has  entirely  disappeared,  then  reheat  to  tbe  proper 
degree  and  harden,  and  tbe  grain  will  be  floe;  but  if  allowed  to  cool 
to  tbe  proper  hardening  heat  and  dipped.  It  would  be  as  coarse  as  If 
hardened  at  the  high  heat,  and  would  also  be  very  liable  to  crack. 
Annealing. 

In  hardening,  a  great  deal  depends  on  the  annealing.  It  Is  as  neces- 
sary to  understand  how  to  anneal  properly  as  it  Is  to  know  how 
to  harden  right.  As  generally  understood,  the  purpose  of  annealing  Is 
to  soften  the  steel,  which  la  all  right,  so  far  as  the  party  Is  concerned 
who  works  It  to  shape;  but  Its  relation  to  hardening  Is  another  matter. 
It  removes  all  strains  in  the  steel.  Incident  to  rolling  and  hammering 
in  the  steel  mil]  and  forging  In  the  blacksmith  shop.  Experience 
teaches  tbe  hardener  that  it  Is  necessary  to  anneal  any  odd-shaped 
piece  or  one  with  a  hole  or  Impression  in  it,  after  It  has  been  blocked 
out  somewhere  near  to  shape,  a  hole  somewhat  smaller  than  flnlahed 
she  being  drilled  In  It.  and  all  surface  scale  being  removed.  Tbe  most 
satisfactory  method  to  pursue  Is  to  pack  In  an  Iron  box  with  granulated 
charcoal,  not  allowing  any  of  the  pieces  to  come  within  one  inch  of  tbe 
box  at  any  polnL  This  box  should  then  be  placed  In  the  furnace  and 
kept  at  a  bright  red  heat  tor  a  length  of  time  dependent  on  the  size 
of  the  steel.  Pieces  one  Inch  in  diameter  should  be  kept  at  a  red  heat 
tor  one  hour  after  the  box  is  heated  through;  larger  pieces  should  be 
kept  hot  correspondingly  longer,  allowing  the  work  to  cool  off  as  slowly 
as  possible.  An  annealing  heat  should  be  higher  than  a  heat  tor  hard- 
ening the  same  piece.     The  proper  heat  tor  annealing.  In  order  that 
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all  stralnB  may  be  overcome,  should  be  nearly  as  high  as  for  forgiag 
the  same  piece;  In  other  words,  the  work  should  be  heated  to  a  bright 
red  and  kept  so  long  enough  to  overcome  any  strain  or  tension  liable  to 
manlfeat  itself  when  the  piece  Is  hardened.  Tool  steel  tor  annealing 
sbould  never  be  packed  In  cast-iron  chips  or  dust,  as  this  eitracts  the 
carbon  to  auch  an  extent  that  there  will  be  trouble  when  hardening 
!b  attempted.  Packing  too  near  tbe  walls  ot  the  annealloK  box  will 
have  the  same  effect  to  a  leas  extent,  but  will  be  more  troublesome, 
as  tbe  carbon  will  be  extracted  from  the  surfaces  nearest  the  box,  and 
□ot  affected  anywhere  else,  making  the  hardening  very  uneven. 

If  not  situated  so  that  this  method  can  be  used,  very  satisfactory 
results  may  be  obtained  by  beating  In  a  large  charcoal  fire  to  a  uniform 
forging  beat.  Put  two  or  three  Inches  of  ashes  In  the  bottom  of  an  iron 
box;  on  this  place  a  piece  of  soft  wood  board,  put  the  work  on  it,  cover 
with  another  piece  of  board,  and  fill  the  box  with  ashes.  The  boards 
will  char  and  smolder,  keeping  the  work  hot  for  a  long  time.  Some 
blacksmiths  use  a  box  of  cold  ashes,  while  others  use  cold  lime;  either 
way  is  liable  to  chill  the  piece,  making  It  harder  than  If  allowed  to 
cool  In  the  air,  and  It  either  n^^terlal  Is  used  It  should  be  hot  to  get 
good  results.  Excellent  results  may  be  obtained  by  heating  In  a  muffler 
oven,  as  a  very  uniform  heat  of  any  degree  may  thus  be  obtained,  it 
can  be  run  any  length  of  time,  but  when  a  piece  is  heated  through  In 
this  way  It  takes  a  long  time  to  cool. 

Hard  en)  07  Bathe. 

Hardening  a  piece  of  steel  Is  generally  accomplished  by  beating  to 
a  low  red,  and  plunging  In  some  cooling  bath.  As  so  much  depends 
on  the  bath,  it  Is  quite  necessary  to  understand  the  effects  of  the  use 
of  the  different  kinds.  The  one  most  commonly  used  la  clear  cold 
water,  though  many  use  salt  and  water  or  brine.  For  hardening  small 
articles  that  must  be  extremely  hard,  the  following  will  be  found  very 
satisfactory:  One  pound  citric  acid  crystals  diaeolved  in  one  gallon  of 
water.  For  very  thin  articles  a  bath  of  oil  is  necessary.  For  hard- 
ening springs,  sperm  oil  Is  very  satisfactory;  when  hardening  cutting 
tools,  raw  linseed  oil  Is  excellent.  There  arc  hundreds  of  formulas  for 
hardening  compounds,  some  of  which  are  excellent  for  certain  classes 
of  work.  Some  hardening  solutions  are  poisonous,  and  are  danger- 
ous to  have  around;  but  for  ordinary  work  the  ones  mentioned  are 
sufficient. 

Many  successful  hardeners  use  water  that  has  t}een  boiled,  claiming 
better  results  from  its  use  than  from  fresh  water.  Small  odd-shaped 
pieces  are  not  so  liable  to  crack  nor  to  harden  unevenly  when  the  water 
Is  slightly  warmed. 

Ezamplea  of  Hardening 

We  will  now  consider  a  lew  pieces  oF  work  to  be  hardened  by  the 
open-flre  method.  If  we  have  a  muffler  furnace,  so  much  the  better, 
as  with  this  It  Is  easier  to  get  certain  results;  but  with  care  very  satis- 
factory work  can  be  done  when  the  blacksmith  forge  Is  used.  If  It  is 
a  small  tap,  reamer,  counterbore,  or  similar  article  we  are  to  harden. 
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It  is  best  to  heat  It  In  n  tube,  bring  tt  to  a  low  red,  and  plunge  it 
la  Bllghtl7  waim  water,  or  fa  tbe  citric  acid  solution.  If  It  la  a  hollow 
mill,  with  a  hole  ruanlng  part  way  through  It.  we  should  dip  it  In  tho 
bath  with  tbe  hole  up,  or  tb«  steam  will  keep  tbe  water  from  enterlag 
tbe  hole,  leaving  the  laside  walls  soft.  Tbe  steam  would  also  have  a 
teadencr  to  crack  tho  piece;  but  with  the  bole  up  when  dlpplag.  by 
working  tbe  piece  up  and  down  well  In  tbe  bath,  tbe  steam  can  escape, 
and  the  water  can  get  at  tbe  work.  Much  bother  may  be  ^aved  tbe 
hardener  if  attention  Is  paid  to  tbe  steam  likely  to  be  generated,  and 
some  way  provided  to  prevent  Its  keeping  the  water  from  the  work. 
Brine  does  not  steam  ob  readily  as  clear  water;  neither  do  the  different 
acid  solutions  used  by  many. 

In  hardening  a  milling  machine  cutter.  It  ts  best  to  have  a  large, 
high  fire,  to  bury  the  cutter  well  In  tbe  Are,  and  to  use  only  blast 
enough  to  bring  the  work  to  tbe  required  heat,  which  should  be  uni- 
form throughout.  If  the  piece  has  not  been  annealed  after  drilling 
a  bole  through  it,  remove  It  from  the  fire  when  red  hot,  then  allow  It 
to  cool  off  slowly  until  tbe  red  has  entirely  disappeared,  when  it  can 
be  again  placed  In  tbe  fire  and  slowly  brought  to  the  required  heat; 
It  Is  then  plunged  in  a  bath  of  tepid  water  or  brine  and  worked  around 
well  until  It  stops  "singing."  At  this  point  It  should  be  removed  and 
Instantly  plunged  In  an  oil  bath,  and  left  there  until  it  Is  cool,  wben 
the  strain  should  be  removed  by  holding  It  over  the  fire  until  it  is 
warm  enough  to  snap  wben  touched  with  tbe  moistened  finger.  It 
can  then  be  laid  aside,  and  tbe  temper  drawn  at  leisure.  In  hardening 
punch  press  dies  we  can  treat  them  the  same;  it  there  are  any  screw 
holes  for  stripper  or  guide  screws  tbey  should  be  plugged  with  fire 
clay  or  graphite. 

Metal  slitting  saws  can  be  hardened  nicely  between  Iron  plates  whose 
surfaces  are  kept  oiled.  The  saws  should  be  heated  In  such  a  manner 
that  the  fire  does  not  come  In  contact  with  them.  It  Is  best  to  heat 
on  a  fiat  plate,  as  the  tendency  to  warp  Is  much  less  than  It  laid  on 
an  uneven  surface.  When  the  saw  la  properly  heated,  place  It  on  tbe 
lower  oiled  plate,  placing  the  other  one  on  It  as  quickly  as  possible: 
hold  tbe  upper  plate  down  hard  until  the  saw  is  cool.  It  there  are  many 
such  pieces  to  harden,  a  fixture  can  be  made  so  that  one  man  can  handle 
tbe  saws  and  fixture  alone;  otherwise  It  requires  two  operators. 

It  there  is  no  other  means  of  drawing  temper,  the  work  may  be  bright- 
ened and  drawn  by  color;  but.  It  poesihie,  do  the  drawing  to  temper  In 
a  kettle  or  crucible  of  oil  over  the  fire,  gaging  the  heat  by  a  thei^ 
mometer.  Much  more  satisfactory  results  can  be  obtained  by  this  lat- 
ter method;  and  If  very  many  pieces  are  to  be  done.  It  will  be  found 
much  cheaper,  A  very  light  yellow  is  430  degrees;  a  straw  color  is 
460  degrees;  a  brown  yellow.  500  degrees;  a  light  purple,  G30  degrees. 
A  milling  machine  cutter  for  ordinary  work  should  be  drawa  to  430 
degrees;  a  punch  press  die  to  600  degrees;  tbe  punch  to  S30  degrees, 
and  metal-slit  ting  saws  to  630  degrees. 
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CASE-HABDENINa. 

The  present  chapter  contaioa  an  abstract  publisbed  In  Maohirist, 
August,  1905,  of  a  paper  read  by  Mr.  David  Flatber  before  the  G7cle 
EDgfneera'  Institute,  Blnn  Ingham.  Engl  and. 

Tbe  term  "caae-hardeDlng"  naturally  tmpIlM  the  hardening  of  the 
Bkln  of  aji  article,  and  In  order  to  fully  understand  the  process  and  Its 
object  we  must  briefly  consider  the  facts  and  laws  upon  which  It  1b 
founded.  Carbon  has  a  very  great  afSnlty  for  Iron  and  combiaes  with 
It  at  all  temperatures  above  faint  red  heat.  Advantage  la  takes  of  Ihla 
fact  In  the  production  of  steel  by  cementation — In  fact,  the  process  of 
caae-bardenlng  Is  In  reality  incomplete  cementation  followed  by  water 
or  oil  hardening. 

FN)r  many  purposes  In  machine  work  we  require  articles  to  hare  a 
perfectly  hard  surface  and  yet  be  of  such  a  nature  that  there  IB  no 
chance  of  their  breaking  In  use.  In  many  instances  this  result  can 
be  obtained  with  high-class  crucible  steel,  but  for  axles,  cups,  cones, 
and  many  similar  parts,  it  Is  extremely  difficult  to  obtain  perfect  hard- 
ness cotnblned  with  great  resistance  to  torsional,  shearing,  or  bursting 
strains.  For  such  purposes  nothing  can  meet  these  requirements  so 
fully  as  articles  which  have  been  case-hardened.  The  greatest  risks 
In  the  employment  of  all  steel  often  occur  during  Its  treatment  by 
the  consumer,  and  whether  it  bo  the  finest  cast  steel  or  only  common 
Bessemer,  It  is  of  first  importance  that  It  should  be  carefully  and 
properly  treated  with  a  view  to  the  work  it  has  to  do. 

Both  Iron  and  mild  steel  have  been  employed  as  material  for  case- 
hardening;  but  this  is  tbe  "steel  age,"  and  iron  has  long  passed  Its 
day.  The  steel  employed  should  be  prepared,  selected,  and  controlled 
from  the  beginning  with  the  object  of  suiting  It  to  its  requirements. 
There  are,  of  course,  many  points  relating  to  its  composition  and 
treatment  by  the  producer  which  can  only  be  gained  by  long  experi- 
ence and  by  study  of  the  regulrementB.  Suffice  it  to  say  that  the  ateel 
used  should  be  low  in  carbon  and  capable  of  absorbing  more  carbon 
with  great  uniformity  when  heated  under  proper  conditions;  it  should 
contain  a  minimum  of  deleterious  impurities,  and  be  perfectly  sound 
and  free  from  mechanical  faults  or  weaknesses  caused  by  overheating 
during  tbe  manufacturing  proceases. 

The  Oase-BardenlDK  Furnace  and  Muffles. 
The  furnace  should  be  so  constructed  as  to  be  capable  of  being 
raised  to  a  full  orange  beat  (I,S30  degrees  F.),  and  maintained  at  that 
heat  with  great  regularity.  It  should  be  so  constructed  that  neither 
the  fuel  nor  the  direct  flame  can  come  in  contact  with  the  charge.  The 
fiames  should  uniformly  impinge  on  the  sides  and  root  of  tbe  muffle 
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In  sucb  a  manner  as  to  raise  tbem  lo  a  high  teiAperature,  thus  beat- 
ing the  contents  of  the  muffle  by  radiated  and  not  bj  direct  heat:  A 
furnace  designed  on  this  principle  not  only  gives  the  beet  result  but 
Is  also  moat  economical  In  the  matter  of  fuel.  The  mufHe  chamber  and 
flues  must,  of  course,  be  constructed  of  firebrick,  and  the  doors  should 
fit  closely  and  also  be  lined  with  firebrick.  It  Is  Important  that  there 
should  be  a  small  peep-hole  in  the  door,  with  a  cover  plate;  a  hole  1^ 
inch  diameter  Is  quite  large  enough.  This  latter  is  realty  a  most  Im- 
Iportant  detail,  as  It  provides  against  the  need  of  opening  the  doors  In 
order  to  Judge  the  beat,  and  Is  Indeed  the  most  accurate  means  of 
estimating  the  temperature  by  the  eye.  The  furnace  must  Ik  fitted 
with  a  reliable  damper  plate  or  other  effectual  means  of  controlling 
the  dratt. 

Fig.  10  shows  a  turnace  which  may  be  useful  as  a  guide  for  the 
erection.  The  upper  chamber  in  this  furnace  Is  not  necessary  tor  case- 
hardening,  but  it  may  be  found  useful  to  have  such  a  cbamber  and 
employ  it  tor  annealing  small  articles  while  case-hardening  Is  being 
done.    This  will  add  only  very  slightly  to  the  amount  of  fuel  used. 

Hardening  pots  are  made  In  both  cast  and  wrought  Iron,  the  former 
Iieing  cheaper  In  first  cost,  but  the  latter  bear  reheating  so  many 
times  that  they  are  cheaper  In  the  end.  The  pots  should  not  be  of 
too  large  dimensions,  or  there  Is  great  risk  of  articles  In  the  middle 
of  a  charge  not  being  carbonized  to  a  sufflctent  depth.  No  pot  should 
be  above  18  by  12  by  11  Inches  for  sucb  parts  as  cycle  axles,  pedal  pins, 
and  the  like;  while  for  small  articles  llhe  cups,  cones,  etc.,  12  by  10  by 
8  inches  Is  large  enough.  The  pots  should  each  have  a  plate-lid  fit- 
ting closely  Inside, 

The  carbonizers  In  general  use  at  the  present  day  are  animal  cbar- 
coal.  bones,  and  one  or  two  other  compositions  sold  under  various 
names,  consisting  of  mixtures  of  carbonaceous  matter  and  certain  cyan- 
ides or  nitrates.  For  very  slight  hardening,  cyanides  alone  are  still  - 
tound  very  useful,  but  no  great  depth  of  casing  Is  ever  attempted  with 
these.  Theoretically,  the  perfect  carhonlzer  should  he  a  simple  and 
pure  form  of  carbon,  and  good  charred  leather  gives  the  most  certain 
_and  satisfactory  results.  Care  should  be  taken  to  avoid  poorly  charred 
leather  or  that  made  from  old  boots,  belting,  etc. 

Clay. 

As  clay  must  be  used  for  a  luting  around  the  pot  lid,  and  is  also 
frequently  used  for  stopping  off  portions  to  be  left  soft,  it  Is  Important 
to  see  that  a  good  clay  Is  used,  and  that  It  is  free  from  grease.  Clay 
contaminated  with  grease  In  any  way  wilt  cause  irregularity  in  the 
product. 

BebeattDB  MufQes. 

As  all  case-bardened  articles  have  to  be  reheated  belo re  quenching. 
It  Is  Important  that  a  suitable  furnace  should  be  employed  for  the  pur-, 
pose.  It  is  not  advisable  that  tbe'rebeatlng  should  he  done  In  the 
case-hardening  muffle,  unless  It  Is  run  specially  for  the  purpose  and 
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at  a  lower  beat.  If  poaelble  a  small  gas  muffle  should  be  used  for 
reheating,  and  Indeed  for  all  bardenlog  work.  A  properly-constructed 
gB£  muffle  can  be  regulated  wUb  great  esactuesB,  and  this  is  rery 
Important  In  all  hardening. 

pRoklDg  the  UulBes. 

The  carbcnizer  bavlng  been  thoroughly  dried  and  reduced  to  a  flna 

powder,  a  layer  of  not  lees  than  1^  inch  in  depth  is  placed  In  the 
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hardening  pot  and  well  pressed  down.  Upon  this  are  placed  the  arti- 
cles lo  be  hardened.  Care  must  be  taken  to  leave  sufficient  space  all 
around  each  piece  to  prevent  Its  touching  the  others  or  the  walla  of 
the  pot;  a  space  of  1%  inch  should  be  sufficient.  Another  layer  of  car- 
bonlzer  Ib  then  put  In  and  well  pressed  down,  taking  care  not  to  di^  , 
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place  any  of  tbe  artlclea  already  packed,  contlaulag  until  the  pot  la 
nearlr  full,  and  then  flniBblng  off  with  anotber  layer  of  1^  Inch  at 
tbe  top.  The  object  In  view  must  be  to  make  the  contents  of  the  pot 
aa  compact  aa  possible,  consistent  with  a  sufficiency  of  carbonizer  In 
contact  with  the  articles.  The  more  solidly  a  pot  Is  packed  the  more 
complete  Ib  the  exclusion  of  air.  Tbe  lid  la  then  put  on,  and  tbe  Joint 
all  around  well  luted  with  clay.  By  the  time  the  proper  number  of 
pots  have  been  Slled,  the  furnace  must  have  been  raised  steadily  to  the 
full  working  heat. 

Furnaoe  H«at. 
The  proper  heat  for  case-hardening  Is  about  1,S00  degrees  F.,  or  a 
full  orange  heat  and  this  should  be  maintained  with  great  regularity 
throughout  the  operation.  The  length  of  time  occupied  In  carbonizing 
is  regulated  by  tbe  depth  of  casing  required,  and  indirectly  by  the 
dimensions  of  the  article.  At  the  close  ot  the  carbonizing  period  the 
pot  Is  withdrawn  from  tbe  furnace  and  placed  in  a  dry  place,  .where  It 
is  allowed  to  become  quite  cold.  It  is  then  opened,  the  articles  takm 
out  and  brushed  over  to  remove  all  adhering  matter.  If  the  pot  baa 
been  properly  packed,  and  luted  up,  the  articles  should  be  quite  white, 
or  at  least  have  only  a  slight  film  or  bloom  of  a  deep  blue  color;  the 
denser  and  more  Inclined  to  redness  Is  tbe  surface,  the  more  Imperfect 
baa  been  the  packing  and  sealing  of  tbe  pot. 

Bebeatlns  and  Hardening. 

The  carbonized  articles  are  now  placed  in  a  mulDe  furnace  and 
steadily  raised  to  a  good  cherry  red  (1,470  degrees  F.),  and  then 
quenched  In  cold  or  tepid  water  or  oil,  according  to  tbe  purpose  of  the 
articles  required.  They  should  remain  In  the  cooling  liquid  until  they 
are  quite  cold  right  through  the  body  of  the  metal,  thus  completing  the 
process. 

Although  the  proper  temperature  for  case-bardentDg  Is  about  1,830 
degrees  F.,  thta  temperature  may  be  modified  to  suit  the  purpose  In 
view.  The  abeorptlon  of  the  carbon  commences  when  tbe  steel  reaches 
a  low  cherry-red  heat  (1,300  degrees  F);  it  begins,  of  course,  at  the 
outer  surface  and  gradually  spreads  until  tbe  i^ole  of  tbe  steel  Is 
carbonized.  The  length  of  time  this  requires  depends  upon  the  thick- 
ness of  the  metal  being  treated.  The  percentage  of  carbon  absorbed 
Is  governed  by  the  temperature,  and  although  the  Increase  of  carbon  Is 
not  In  uniform  proportion  to  the  rising  temperature  throughout.  It  la 
perhaps  sufficient  for  our  present  purpose  to  note  that  at  1,300  degrees 
F.,  iron,  If  completely  saturated,  can  contain  no  more  than  about  0.60 
per  cent  carbon;  at  1,650  degrees  F.,  about  l.G  per  cent  carbon;  and 
at  2,000  degrees  F.,  about  2.5  per  cent.  These  results,  however,  are  only 
obtainable  when  the  whole  section  ot  the  Iron  has  received  all  tbe  carbon 
It  is  capable  of  abaorbing  at  the  given  temperature,  and  Is  therefore 
In  a  state  of  equilibrium.  From  this  it  will  be  seen  that  If  the  process 
Is  stopped  before  the  action  is  complete,  the  central  parts  of  the  iron 
must  contain  less  carbon  than  the  outside,  and  upon  this  fact  tbe  pro- 
cess of  CBsehardenlng  la  founded. 
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If  we  take  two  pUces  of  %  iacb  diameter  round  mild  steel,  aod 
beat  ODe  of  them  with  a  carbonlzer  at  a  cherry-red  heat,  and  the  other 
at  a  bright  orange  heat,  tat  six  hours,  the  flret  will  be  cased  to  a  depth 
of  about  1-32  inch,  and  the  other  to  a  depth  of  nearly  1-lG  Inch,  while 
the  amount  of  carbon  tahen  up  will  be  about  0.50  and  O.SO  per  cent  re- 
apectlTolj.  'So  that,  bo  far  aa  regards  the  hardness  of  the  skin,  the 
plec«  carbonized  at  the  higher  temperature  gives  the  best  result. 
From  this  we  learn  that  a  temperature  of  1,S30  degreea  F.  wilt  give  us 
■undent  hardnoM  of  case. 

We  have  next  to  find  which  temperature  has  the  least  harmful  effect 
on  the  mild  ateel  core,  and  this  can  best  be  found  by  heating  pieces 
of  the  mild  steel  at  varying  temperatures  at  and  above  the  selected 
one  for  the  same  length  of  time,  using  lime  or  other  Inert  substance  In 
the  pot  instead  of  a  carbonizing  material,  and  afterward  reheating  and 
quencblng  in  water.  Suppose,  for  example,  we  take  three  pieces,  heat- 
ing at  1,830,  2,370  and  2,730  degT«eB  F.,  or  full  orange,  white  and 
bright  white  respectively.  We  shall  And  that  those  at  2,370  and  2,730 
degreea  break  very  short  and  have  lost  nearly  all  their  original  tena> 
city,  while  that  at  1,830  degrees  appears  tougher  and  altogether  stronger 
than  before. 

Having  arrived  at  a  knowledge  of  the  right  temperature,  It  remains 
now  to  inquire  as  to  the  length  ot  time  requisite  to  yield  a  sufflclent 
depth  of  case.  At  a  full  orange  heat  a  bracket  cup  of  ordinary  dimen- 
sions should  in  two  hours  be  hardened  1-32  Inch  deep,  and  a  bracket 
axle  11-16  Inch  diameter  in  6  boun  would  have  a  case  1-16  Inch  deep. 
From  this  It  will  be  seen  that  the  speed  of  penetration  is  not  In  exact 
proportion  to  the  time  of  heating. 

Besulta  of  Hardening  Without  Bebeattng. 
Ws  now  arrive  at  that  part  of  the  process  where  a  moat  Important 
improvement  has  been  made — i.  e.,  the  final  hardening  by  quenching  in 
water.  It  formerly  was  customary  at  the  end  of  the  carbonizing  period 
to  open  the  pot  and  fling  the  contents  headlong  into  a  tank  ot  cold 
-  water.  Here  and  there  some  of  the  more  careful  workers  took  each 
article  separately,  but  direct  from  the  pot,  and  plunged  it  into  water. 
These  latter  obtained  better  results,  but  even  they  had  a  great  deal  of 
trouble  In  the  way  of  break^es  and  want  ot  regular  hardness.  Find- 
ing that  axles  taken  singly  from  the  pot  and  quenched  were  better 
than  tliose  quenched  in  bulk,  and  that  if  allowed  to  cool  down  to 
cherry  red  they  were  better  Btlll,  an  application  ot  the  old  rule  to 
harden  on  a  rising  heat  led  to  the  now  established  principle  of  allow* 
Ing  the  pot  and  Its  contents  to  become  quite  cold,  afterward  reheating 
to  cherry  red  and  quenching  with  water.  By  this  means  we  obtain  a 
case  of  great  hardness  with  a  very  tough  core — that  Is,  of  course,  pro- 
vided a  suitable  steel  le  employed. 

To  nnderitand  the  reason  of  this  Improved  method  of  working  we 
must  remember  that  the  exterior  of  the  steel  is  now  of  about  O.SO  per 
cent  carbon,  and  that  steel  of  all  kinds  raised  to  and  maintained  at 
tbe  high  temperature  employed  for  case-hardening  wilt,  unless  subjected 
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to  mecbanlcal  work,  show  evidence  of  overheating,  being  very  l>rlttle 
and  ilable  to  eas^r  fracture;  and  tliougli  quenched  In  water,  and  conse- 
quently  hardened,  the  metal  has  little  or  no  cohealon  and  readily  wears 
away.  Steel  bo  hardened  breaks  with  a  very  coarse  crrstalllne  frac- 
ture, in  which  the  limits  of  the  case  are  badly  defined.  II  is  known 
that  when  steel  Is  gradually  heated  there  is  a  certain  point  at  which 
a  great  molecular  change  takes  place,  and  that  perfect  hardness  can 
only  be  obtained  by  quenching  at  this  critical  point.  It  quenching 
takes  place  below  the  critical  temperature,  the  steel  Is  not  sufficiently 
hard;  it  above,  though  full  hardness  may  be  obtained,  strength  and 
tenacity  are  lost  In  part  or  completely,  according  as  the  critical  temper- 
ature Is  exceeded  by  much  or  by  little.  This  critical  point  lies  between 
1,380  and  1,470  degrees  P.,  or  cherry-red  color  heat.  It  may  be  asked 
why  It  is  not  sufflclenl,  when  taking  the  article  out  of  the  pot,  to  allow 
it  to  cool  down  to  cherry  red  and  then  quench  it.  To  this  the  answer 
is  that  the  liigh  temperature  has  already  created  a  coarsely  crystalline 
condition  in  the  steel,  and  that  until  It  has  become  quite  cold  and  has 
again  been  healed  up  to  the  critical  temperature,  a  suitable  molecular 
condition  cannot  be  obtained.  When  steel  is  cooled,  whether  slowly  or 
not.  It  bears  In  its  structure  a  condition  representative  of  the  highest 
heat  it  was  last  subjected  to.  From  this  It  will  be  quite  clear  ttiat  in 
case-hardening,  as  in  all  other  metliode  of  hardening,  steel  must  be 
quenched  on  a  rising  heat. 
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CHAPTER   VII. 


THE   BBIKEIiL   METHOD   OF   TESTIKO    THE 
HARDNESS    OF    METALS. 

.The  method  of  teetlng  the  hardness  of  met&la  devised  by  Mr.  J.  A. 
Brinell  has  receiTed  Tery  favorable  attention  (roni  metallurglatB  in 
this,  as  well  as  la  other  countries.  In  1900  Mr.  Brinelt,  then  chief 
engineer  and  technical  manager  of  the  Fagersta  Iron  and  Steel  Works 
In  Sweden,  first  made  public  his  method  of  testing  the  hardness  of 
Iron  and  steel,  b7  submitting  It  to  the  Society  of  Swedish  Engineers  In 
Stockbolm.  At  the  meeting  of  the  Congrit  International  det  Mithodea 
d'Eaaai  dea  Matiriaux  Ce  ComtntcMon  in  Paris  the  same  year  the 
method  attracted  general  attention,  and  Its  merits  were  duly  acknowl- 
edged by  awarding  the  Inventor  with  a  personal  Grand  Prix  at  the 
Paris  Exposition.  The  method  was  first  deecrlbed  in  the  English 
language  by  Mr.  Axel  Wablberg  in  a  paper  before  the  Iron  and  Steel 
Institute  in  1901.  Since  then,  the  practical  value  of  this  method  has 
been  amply  substantiated  on  various  occasions  by  means  of  compre- 
hensive tests  and  investigations  undertaken  by  several  distinguished 
BclentlBtB  In  different  conntrles.  In  working  out  his  method,  Brinell 
kept  In  view  the  necessity  of  taking  Into  account  the  requirements  that 
the  method  mast  be  trustworthy,  must  be  easy  to  learn  and  apply,  and 
capable  of  being  used  on  almost  any  piece  of  metal,  and  particularly, 
to  be  used  on  metal  without  In  any  way  being  destructive  to  the  sample, 
principle  of  Method  tor  Testing  Hardnees  of  Metals. 
The  Brinell  method  consists  In  partly  forcing  a  hardened  steel  ball 
into  the  sample  to  be  tested  so  as  to  effect  a  slight  spherical  Impres- 
sion, the  dimensions  of  which  will  then  serve  as  a  basiH  for  ascertain- 
ing the  hardness  of  the  metal.  The  diameter  of  the  Impression  is 
measured,  and  the  spherical  area  of  the  concavity  calculated.  On  di- 
viding the  amount  of  pressure  required  In  kilogrammes  for  effecting 
the  Impression  by  the  area  of  the  ImpresBlon  in  square  millimeters  an 
expression  for  the  hardness  of  the  material  tested  is  obtained,  this 
expression  or  number  being  called  the  harineM  numeral.  In  order  to 
render  the  results  thus  obtained  by  different  tests  directly  comparable 
with  one  another,  there  has  been  adopted  a  common  standard  as  well 
with  regard  to  the  size  of  ball  as  \p  the  amount  of  loading.  The  stand- 
ard diameter  of  the  ball  is  10  millimeters  (0.3937  Inch)  and  the  pres- 
sure 3,000  kilogrammes  (6,614  pounds)  in  the  case  of  Iron  and  steel, 
while  in  the  case  of  softer  metals  a  pressure  of  500  kilogrammes 
(1,102  pounds)  is  used.  Any  variation  either  In  the  size  of  the  ball 
or  the  amount  of  loading  will  be  apt  to  occasion  more  or  less  confusion 
without  there  being  any  advantage  to  compensate  for  such  inconveni- 
ence.   Besides,  making  any  comparisons  between  results  thus  obtained 


Goo'^lc 


*2  NO.  36-IRON  AND  STEEL 

Id  a  dlfterent  manner  would  be  more  or  Icbb  troub'leBome,  and  compli- 
cated calculations  would  be  required. 

The  diameter  of  the  ImpresBlon  la  measured  by  means  of  a  micro- 
scope OF  suitable  conetructlon,  and  the  hardneSB  numeral  may  be  ob- 
tained without  calculation  directly  from  the  table  given  herewith, 
worked  out  for  the  standard  diameter  of  ball  and  pressures  mentioned. 
The  formulas  employed  In  the  calculation  of  this  table  are  as  follows: 

K 
H  =  —  (2) 

V 
In  which  formulas 

r^  radius  of  ball  In  millimeters, 

it  =  radius  of  depression  in  millimeters, 

y  ^  superficial  area  of  depression  In  square  mtUlmelerB, 

JTsspressure  on  ball  in  kilogrammes, 

H  ^  hardness  numeral. 

Suppose,  for  Instance,  that  the  radius  of  the  ball  equals  .5  milli- 
meters (0.1963  inch),  and  that  the  test  is  undertaken  on  a  piece  of 
steel,  the  pressure  consequently  applied  being  3.000  kilogrammes  (6.614 
pounds).  Assuming  that  we  found  the  radius  of  the  depression  equal 
to  2  millimeters  (0.07874  inch)  by  measurement,  we  have: 

2»  X  5  (5— \r25^^  =13.13  =  y. 
and 

3,000 

=  228  =  ff, 

13.13 
which  as  we  see  agrees  with  the  figure  given  in  our  table  for  a  4  milli- 
meters diameter  of  impression. 

Belatlon  Bat-ween  Hardnasa  ofHaterlals  and  Ultimata  Stienvtta. 

It  has  been  pointed  out  by  Mr.  Brinell  himself  that  this  method  of 
testing  hardness  of  metals  offers  a  most  ready  and  convenient  means 
of  ascertaining  within  close  limits  the  ultimate  strength  of  Iron  and' 
steel.  This.  In  fact,  is  one  of  the  most  interesting  and  Important  re- 
sults of  this  method  of  measuring  hardness.  In  order  to  determine 
the  ultimate  strength  of  iron  and  steel,  it  is  only  necessary  to  establish 
a  constant  coefflcient  determined  by  experiments  which  serves  as  a 
factor  by  which  the  hardness  numerals  are  mu  lit  pi  led.  the  product 
being  the  ultimate  strength.  Rather  comprehensive  experiments  were 
undertaken  with  a  considerable  number  of  specimens  of  annealed  ma- 
terial obtained  from  various  steel  works  for  the  purpose  of  establish- 
ing the  coefficient  by  the  present  director  of  the  Office  for  Testing  Ma- 
terials of  the  Royal  Technical  Institution  at  Stockholm.  The  results 
obtained  were  as  follows: 

For  hardness  numerals  below  175,  when  the  impression  Is  effected 
transversely  to  the  rolling  direction,  the  coefficient  equals  0.362;  when 
the  Impression  Is  effected  In  the  rolling  direction,  the  coefHclent  equals 
0.354. 

For  hardness  numerals  above  175.  when  the  impression  Is  effected 
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trauBvereely  to  the  rolling  direction,  the  coetBclent  equals  0,311;  when 
the  ImpreMloD  Is  effected  In  the  rolling  direction,  the  coefflclent  equals 
0.321. 

It  the  bardneae  numerals  are  multiplied  by  these  coefflclenta.  the 
result  obtained  will  be  the  ultimate  tensile  strength  of  the  material  In 
kilogTBrnmes  per  square  millimeter.     It  is  evident  that  coefficients  can     ,  i  '  ■   i 
easily  be  worked  out  so  that  if  the  hardness  numerals  be  multiplied  ^  . 

by  these  the  strength  could  be  obtained  In  pounds  per  square  inch.'^,^  /  ^ ' 

Suppose,  tor  Instance,  that  a  test  of  annealed  steel  by  means  of      ( 
the  Brlnell  ball  test  gave  an  impression  of  a  diameter  of  4.6  milli- 
meters.   Then  the  hardness  numeral,  according  to  our  table,  would  be 
170,  and  the  ultimate  tensile  strength  consequently  0.362  X  170  =  61.5 
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kilogrammes  per  sguare  millimeter,  provided  the  impreaaion  was  ef- 
fected transversely  to  the  rolling  direction. 

In  Fig.  11  are  shown  a  number  of  diagrams  which  Indicate  the  re- 
sults obtained  at  the  tests  undertaken  to  ascertain  the  coefflcients 
given.  In  theae  diagrams  the  full  heavy  line  indicates  the  tensile 
strength  of  the  material,  as  calculated  from  the  ball  tests  in  the  roll- 
ing direction.  The  dotted  lines  Indicate  the  strength  as  calctilated  froin 
the  ball  tests  in  a  transversal  direction,  and  the  "dash-dotted"  lines 
show  the  actual  tensile  Etrength  of  the  material  as  ascertained  by 
ordinary  methods  lor  ascertaining  this  value.  It  is  interesting  to  note 
how  closely  the  three  curves  agree  n-ith  one  another,  and  considerinc 
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the  general  uncertainty  and  variation  met  nith  when  teBting  the  same 
kind  of  material  for  tensile  strength  by  the  ordinary  methods,  It  1b 
safe  to  say  that  the  ball  teat  method  comes  nearly  as  close  to  the 
actual  results  as  does  any  otber  method  used.  Especially  within  the 
range  of  the  lower  ral,e«  of  carbon,  or  up  to  O.B  per  cent,  or  In  other 
words,  within  the  range  of  alt  ordinary  construction  materials,  the 
coincidents  are,  in  fact,  so  very  nearly  perfect  as  to  be  amply  sufflclent 
to  satisfy  all  practical  requirements. 

In  the  case  of  any  steel,  whether  It  be  annealed  or  not,  that  has 
been  eubmltted  to  some  further  treatment  of  any  other  kind  than  an- 
nealing, Buch  as  cold  working,  etc.,  or  In  the  case  of  any  special  steel, 
there  would  be  other  coefficients  needed  which  would  then  also  bo 
ascertained  by  eiperimente.  The  same  coefficient,  however,  will  hold 
true  for  the  same  kind  o(  material  having  been  subjected  to  the  same 
treatment.  Thus,  the  ball  testing  method  for  strength  Is  equally  satis- 
factory, and  far  more  convenient.  In  all  cases  where  the  rupture  test 
would  be  applied.  One  of  the  greatest  advantages  of  the  Brlnell  method 
Is  that  In  tbe  case  of  a  large  number  of  objects  being  required  to  be 
tested,  each  one  of  the  objects  can  be  tested  without  demolition,  and 
without  tbe  trouble  of  preparing  test  bars. 

AppUctttlan  of  the  Brine!)  Ball  Test  Uetbod. 
SummarlzltiK  what  has  been  said  in  the  previous  discussion,  and 
adding  some  other  important  points,  we  may  state  the  various  uses  tor 
which  the  Brlnetl  ball  test  method  may  be  applied,  outside  of  the  direct 
test  of  the  bardness  of  construction  materials  and  the  calculation  from 
this  test  of  the  ultimate  atrength  of  tbe  materials,  as  follows: 

1.  Determining  tbe  carbon  content  In  iron  and  steel. 

2.  Examining  various  manufactured  goods  and  objects,  such  as  rails, 
tires,  projectiles,  armor  plates,  gone,  gun  barrels,  structural  materials, 
etc.,  without  damage  to  tbe  object  tested. 

3.  Ascertaining  the  quality  of  the  material  in  Qnished  pieces  and  frag- 
ments of  machinery  even  In  such  cases  when  no  specimen  bars  are  ob- 
tainable for  undertaking  ordinary  tensile  tests. 

4.  Ascertaining  the  effects  of  annealing  and  hardening  of  steel. 

5.  Ascertaining  the  homogeneity  of  hardening  in  any  manufactured 
arlicies  of  hardened  steel. 

6.  Ascertaining  tbe  hardening  power  of  various  quenching  liquids, 
and  the  influence  of  temperature  of  such  liquids  on  the  hardening 
results. 

T.    Ascertaining  the  effect  of  cold  working  on  various  matertalB. 


The  method  of  applying  the  Brineil  ball  t£Bt  was  at  first  only  pos- 
sible In  such  establishments  where  a  tensile  testing  machine  was  in- 
stalled. As  these  machines  are  rather  expensive,  the  use  of  the  hall 
test  method  was  limited.  For  this  reason  a  Swedish  firm.  Aktiebolaget 
Alpha,  Stockholm,  Sweden,  has  designed  and  placed  on  the  market  a 
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compact  machine  sp'ecialljr  Intended  for  making  bardnese  teets.  This 
mactalne.  as  shown  In  Pig.  12,  conelBtB  of  a  hydraulic  press  acting 
downward,  the  lower  part  of  tbe  piston  being  fitted  wltb  a  lO'mllll- 
meter  steel  ball  k  by  means  of  wtalcb  the  ImpresBton  Is  to  be  effected 
In  the  surface  of  the  specimen  or  object  to  be  tested.  Tbts  object  is 
placed  on  the  support  s  which  is  vertically  adjustable  by  meanB  of  the 
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band-wheel  r.  nblle  at  the  same  time  It  can  be  Inclined  sideways  when 
this  Is  needed  on  account  o(  tbe  irregular  ahagie  of  tbe  part  tested.  The 
whole  apparatus  Is  solidly  mounted  on  a  cast  Iron  stand.  The  pressure 
is  efCected  by  means  of  a  smttll  hand  pump,  and  the  amount  of  pressure 
can  be  read  off  directly  in  kllogranmies  on  the  pressure  gage  mounted 
at  tbe  lop  of  the  machine. 
In  order  to  Insure  against  any  eventual  non-working  of  the 
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meter,  tbls  mactaine  la  fitted  with  a  special  contrivance  purporting  to 
control  In  a.  most  infallible  manner  the  Indlcattone  of  that  apparatus, 
while  at  the  same  time  aervlng  to  prevent  any  excess  of  pressure  be- 
yond the  exact  amount  needed  according  to  the  case.  This  controlling 
svPAratus  conelBtB  of  a  smaller  cylinder,  a,  directly  communicating 
with  the  press-cylinder.  On  being  loaded  with  weights  corresponding 
to  the  amount  of  pressure  required,  the  piston  in  this  cylinder  will 


be  puBh^  upward  by  the  preesure  effected  wltbln  tbe  press-cylinder 
at  the  very  moment  when  the  requisite  testing  pressure  is  attained. 
Owing  to  tbis  additional  device,  there  can  thus  be  no  question  what- 
ever of  any  mtstahe  or  any  errors  as  to  the  testing  results,  that  might 
eventually  be  due  to  the  manometer  getting  out  of  order. 
Method  of  Performlna  the  Ball  Teat. 
Tbe  test  specimen  must  be  perfectly  plane  on  the  very  spot  where 
the  impression  is  to  be  made,     It  Is  then  placed  on  the  support  s 
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12,  irhlcb,  as  mentioned,  1b  adjusted  by  means  o(  tbe  hand-wheel  r 
BO  as  to  come  Into  contact  with  the  ball  k.  A  few  Blow  atrokes  at  the 
hand  pump  will  then  cause  the  presanre  needed  to  force  the  ball  down, 
ward,  and  a  Blight  Impression  will  be  obtained  In  the  object  tested, 
but  as  soon  as  the  requisite  amount  of  preaeura  has  been  attained,  tbe 
upper  piston  is  pushed  with  the  controlling  apparatus  upward,  aa 
previously  described.  On  testing  Bpeclmens  of  Iron  and  steel,  the  preB- 
sure  Is  maintained  on  the  specimen  for  15  seconds,  but  In  tbe  case 
of  softer  materials  for  at  least  half  a  minute.  After  the  elapse  of  this 
time,  the  pressure  is  released,  and  the  contact  between  the  ball  and 
tbe  sample  will  cease.  A  spiral  spring  fltted  within  the  cylinder,  and 
being  Just  of  aufflcient  strength  to  orercome  the  weight  ot  the  press 
piston,  pulls  the  same  upward  Into  Its  former  position,  wbile  forcing 
the  liquid  back  Into  Its  cistern.  The  dismeter  of  the  Impression  ef- 
fected by  tbe  ball  Is  then  meaaured  by  the  microscope  m,  which  Is 
specially  constructed  for  this  puriwse,  the  results  obtained  by  this 
measurement  being  exact  within  0.05  millimeter  (0.002  Inch).  Fig.  13 
shows  a  cross^ection  through  the  cylinder  and  piston  part  of  tbe  ma- 
chine. Another  type  of  machine  Is  designed  (or  special  tests  In  which 
very  high  pressures  are  required.  Tbe  ball  In  this  machine  is  19  milli- 
meters (0.748  loch)  In  diameter,  and  the  pressures  employed  vary  from 
3  to  60  tons.  The  conalruction  and  operation  are  otherwise  exactly 
the  same  as  that  of  the  smaller  machine  in  Fig.  12. 
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No.  10.  ExufPLEB  OP  Machine  Shop  Practice. — Cutting  Bevel  Oeani  with 
RotBiT  CutterB;  Making  a  Worm-Gear;  Spindle  Construction. 

>  No.  11.     Bearings. — Design  of  Bearlnga;    CauseB  ot  Hot  Beartnge;  AlloyB 
for  Bearlnge;   Ball  Bearings;   Friction  ol  Roller  Bearings. 

No.  12.  Mathematics  of  Machisf.  Desios. — Compiled  with  special  refer- 
ence to  shafting  and  efflclency  of  bolsting  machinery. 

No.  13.  Blaneiko  Dies.— Making  Blanking  Dies;  Blanking  and  Piercing 
Dies;  ConBtructioa  of  Split  Dies;  Novel  Ideas  in  Die  Making. 

No.  14.  Details  of  Machine  Tool  Desios. — Cone  Pulleys  and  Belts; 
Strength  of  Countershafts;  Tumbler  Gear  Design;  Faults  of  Iron  Castings. 

No.  15.  Spcb  Geabino. — First  Principles  Of  Gearing;  Fornmlas  (or  Spur 
Gearing;  Design  and  Calculation  of  Gear  Wheels;  Strength  of  Gear  Teeth. 

No.  16.  Macmike  Tool  Drives.— Speeds  and  Feeds  of  Machine  Tools; 
Geared  or  Single  Pulley  Drives;  Drives  for  High  Speed  Cutting  Tools. 

No.  17.  Stkength  of  Ctlisdehs. — Formulas,  Charts,  anS  Diagrams  for 
Thick  Hollow  Cylinders;  Design  of  Thick  Cylinders;  Cast  Iron  Cylinders. 

No.  18.  Shop  Abithmetic  fob  the  MArnisinT.^Figuring  Tapers,  Change 
Gears.  Cutting  Speeds  and  Feeds.  Indexing  Movements,  etc.;  Use  of  FormulBB; 
Square  and  Square  Root;  Use  of  Tables  of  Sines  and  Tangents. 

No.  19.  Use  of  Fobmhti.as  in  Mechanics. — Mathematical  Signs  and  Formu- 
las; Strength  of  Materials;  Graphical  Methods;  Levers;  Center  of  Gravity. 

No.  20.  Spibai.  Geabino. — Calculating  Spiral  Gears;  Rules.  Formulas,  and 
Diagrams  for  Designing  Spiral  Geare;   EOlclency  of  Spiral  Gearing,  etc. 

No.  21.  Measubinq  Toolb. — History  and  Development  of  Standard  Meas- 
urements: Special  Calipers,  Compasses,  Micrometer  Measuring  Tools,  Pro- 
tractots,  etc. 

No.  22.  Calculation  of  Elements  op  Machine  Desion.— Factor  of  Safety; 
Strength  of  Bolts;  Riveted  Joints;  Keys  and  Keywaya;  Toggle-Joints. 

No.  23.  Theobv  op  Chane  Df.sion. — Jib  Cranes;  Calculation  of  Shaft. 
Gears,  and  Bearings;  Force  Required  to  Move  Crane  Trolleys,  etc. 

No.  24.  Examples  oe  Calcixatino  Designs. — Charts  In  Designing;  Punch 
and  Riveter  Frames;  Shear  Frames;  Billet  and  Bar  Passes;  etc. 
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CHAPTER  I 


BEVEL  QEAB  RULES  AND  FORMULAS 

Bevel  gearing,  as  every  mecbanlc  knows,  la  the  form  of  gearlog  used 
for  transmitting  motion  between  abafte  wboee  center  lines  intersect. 
Tbe  teetb  of  bevel  gears  are  constructed  on  imaginarr  pitch 
cone?  in  tbe  same  way  that  the  teeth  of  spur  gears  are  constructed 
on  imaginary  pitch  cylinders.  In  Pig.  1  Is  shown  a  drawing  oF  a 
pair  nr  bevel  gears  of  which  the  gear  has  twice  as  many  teeth  as 
the  pinion.  The  latter  therefore  revolves  twice  for  every  revolution 
of  the  gear.  In  Fig.  2  is  shown  (diagramaticaily)  a  pair  of  conical 
pitch  surfaces  driving  each  other  by  frtctional  contact.  The  shafts 
are  set  at  the  same  center  angle  with  each  other,  as  in  Fig,  1,  and 


the  base  diameter  of  tbe  gear  cone  is  twice  that  of  the  pinion  cone, 
BO  that  the  latter  will  revolve  twice  to  each  revolution  of  the  former. 
This  being  the  case,  the  cones  shown  in  Fig.  2  are  the  pitch  cones 
of  the  gears  shown  in  Fig,  1.  We  may  tberefore  define  the  term 
"pitch  cone"  as  follows:  Tbe  pitch  cones  of  a  pair  of  bevel  gears 
are  those  cones  which,  when  mounted  on  the  shafts  in  place  of  the 
bevel  gears,  will  drive  each  other  hy  frictional  contact  in  the  same 
velocity  ratio  as  given  by  the  bevel  gears  themselves. 

The  pitch  cones  are  defined  by  their  pitch  cone  angles,  as  shown 
In  Fig.  2.  The  sum  of  the  two  pitch  cone  angles  equals  tbe  center 
angle,  the  latter  being  tbe  angle  made  by  tbe  shafts  with  each  other, 
measured  on  the  side  on  which  tbe  contact  between  the  cones  takes 
place.  Tbe  center  angle  and  tbe  pitch  cone  angles  of  the  gear  and 
the  pinion  are  indicated  in  Fig.  1. 

Different  Kinds  of  Bevel  Qears 

In  Fig.  3  is  shown  a  pair  of  bevel  gears  in  which  the  center  angle 
(7)  equals  90  degrees,  or  In  other  words,  the  figure  shows  a  case  of 
right  angle  bevel  gearing.  To  the  special  case  shown  in  Fig.  4  in 
which  the  number  of  teetb  in  tbe  two  gears  is  the  same,  tbe  term 
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I  angle  of  each  gear 


mttrri  gearing  Is  applied;    here   the   pitch  i 
win  always  equal  45  degrees. 

When  the  pitch  cone  angle  IB  less  than  90  degrees  we  have  acute  angle 
bevel  gearing,  as  shown  In  Fig.  5.  When  the  center  angle  is  greater 
than  90  degrees,  we  have  obtuse  angle  bevel  gearing,  shown  In  Fig. 
6  and  also  In  Fig.  1.  Obtuse  angle  bevel  gearing  la  met  with  occa- 
sionally In  the  two  special  fomis  shown  in  Figs.  7  and  8.    When  the 


FIS-  3-    BlSbt  Ansle  B«T 

pitch  cone  angle  a,  equals  90  degrees,  the  gear  g  Is  called  a  crown 
gear.  In  this  case  the  pitch  cone  evidently  becomes  a  pitch  plane,  or 
disk  When  the  pitch  cone  angle  ot  the  gear  Is  more  than  90  degrees, 
as  in  Fig.  S,  this  member  Is  called  an  Internal  bevel  gear,  and  Its 
pitch  cone  when  drawn  as  lor  Fig.  2.  would  mesh  with  the  pitch  con« 
ot  the  pinion  on  Its  Internal  conical  eurtace.  These  two  special  tonus 
of  gears  are  of  rare  occurrence. 

Bevel  a  ear  DimeiiBlona  and  Definition  e 

In  Fig.  9,  which  shows  an  axial  section  of  a  bevel  gear,  the  pitch 

lines  show  the  location  ol  the  periphery  of  the  imaginary  pitch  cone. 


PlB-  O-    Acute  ABffle  It 

The  pitch  cone  angle  Is  the  angle  which  the  pilch  line  makes  with 
the  axis  of  the  gear.  The  pitch  diameter  Is  measured  across  the 
gear  drawing  at  the  point  where  the  pitch  lines  Intersect  the  outer 
edge  of  the  teeth.  The  teeth  of  bevel  gears  grow  smaller  as  they 
approach  the  vertex  0  of  the  pitch  cone,  where  they  would  disappear 
if  the  teeth  were  cut  for  the  full  length  of  the  face.  In  speaking  of 
the  pitch  of  a  bevel  gear  we  always  mean  the  pitch  of  the  larger  or 
outer  ends  of  the  teeth.  Diametral  and  circular  pitch  have  the  same 
meaning  as  In  the  case  of  spur  gears;  the  diametral  pltoh  being  the 
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number  of  teeth  per  Incb  of  the  pitch  diameter,  while  the  circular 
pitch  Is  the  distance  from  the  center  of  one  tooth  to  the  center  of 
the  next,  measured  along  the  pitch  diameter  at  the  back  faces  of 
the  teeth.  The  addendum  1b  the  height  of  the  tooth  above  the  pitch 
line  at  the  large  end.  The  dedendum  (the  depth  ot  the  tooth  space 
below  the  pitch  line)  and  the  whole  depth  of  the  tooth  are  also 
measured  at  the  large  end. 

The  pitch  cone  radius  la  the  distance  measured  on  the  pitch  line 
from  the  vertex  of  the  pitch  cone  to  the  outer  edge  of  the  teeth.  The 
width  of  the  face  of  the  teeth,  as  shown  In  Fig.  9,  Is  measured  on  a 
line  parallel  to  the  pitch  line.  The  addendum,  whole  depth  and  thick- 
ness of  the  teeth  at  the  small  or  inner  end  may  be  derived  from  the 
correepondlng  dlmeneions  at  the  outer  end.  by  calculations  depending 
on  the  ratio  of  the  width  of  face  to  the  pitch  cone  radius.  (See. «,  ic 
and  t  In  Fig.  12.) 

The  addendum  angle  la  the  angle  I>etween  the  top  of  the  tooth  and 
the  pitch  line.    The  dedendum  angle  Is  the  angle  between  the  bot- 


tom of  the  tooth  space  and  the  pitch  line.  The  face  angle  Is  the  angle 
between  the  top  of  the  tooth  and  a  perpendicular  to  the  axis  ot  the 
gear.  The  edge  angle  (which  equals  the  pitch  cone  angle)  Is  the 
angle  between  the  outer  edge  and  the  perpendicular  to  the  axis  of 
the  gear.  The  latter  two  angles  are  measured  from  the  perpendicular 
Instead  of  from  the  axis,  for  the  convenience  of  the  workman  in  mak- 
ing meaBurements  with  the  protractor  when  turning  the  blanks.  The 
cutting  angle  la  the  angle  between  the  bottom  of  the  tooth  space  and 
the  nxla  of  the  gear. 

The  angiular  addendum  la  the  height  of  tooth  at  the  large  end 
above  the  pitch  diameter,  measured  In  a  direction  perpendicular  to 
the  axis  of  the  gear.  The  outside  diameter  Is  measured  over  the 
comers  of  the  teeth  at  the  large  end.  The  vertex  distance  Is  the  dla- 
tanca  measured  In  the  direction  of  the  axis  of  the  gear  from  the 
corner  of  the  teeth  at  the  large  end  to  the  vertex  of  the  pitch  cone. 
The  vertex  distance  at  the  small  end  of  the  tooth  is  similarly  measured. 

The  shape  of  the  teeth  of  a  bevel  gear  may  he  considered  as  being 
the  same  as  for  teeth  in  a  spur  gear  of  the  same  pitch  and  style  of 
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tootb,  having  a  radius  equal  to  the  distance  (rom  the  pitch  line  at  the 
back  edge  of  the  tooth  to  the  axis  of  the  gear,  measured  in  a  direc- 
tion perpendicular  to  the  pitch  line.     This  distance  U  dimensioned 

D' 

—  In  Fig.  12.     The  number  of  teeth  which  such  a  spur  gear  would 

have,  as  determined  by  diameter  D'  thus  obtained,  may  be  called  the 

"number  of  teeth  In  equivalent  spur  gear,"  and  1b  used  in  selecting 

the  cutter  for  forming 

the  teeth  of  bevel  gears  ™.w 

by  the     formed     cutter 

process. 

In  two  special  forms 
of  gears,  the  crown 
gear.  Fig.  10,  and  the 
Internal  bevel  gear,  Fig. 
11,  the  same  dimensions 
and  definitions  apply  as 
In  regular  bevel  gears, 
though'  in  a  modified 
form  In  some  cases.  In 
the  crown  gear,  tor  In- 
stance, the  pitch  diam-  i-t" 
eter  and  the  outside  )  J 
diameter  are  the  same, 
and  the  pitch  cone  ra- 
dius Is  equal  to  ^  the  ^ 
pitch  diameter.  The  ad-  ' 
dendutn  angle  and  the 
face  angle  are  also  the 
same.  The  angular  ad- 
dendum becomes  zero, 
and  the  vertex  dis- 
tance is  equal  to  the  "-'•) 
addendum.  The  number 

of  teeth  In  the  equiva-  ,  _.v— ,^.... 

lent  spur  gear  becomes 
infinite,     or     In     other  ria 

words,     the    teeth    are  — ™  ™,  .™n«7  «v„  «« 

shaped  like  those  of  a  rack. 

When  the  pitch  cone  angle  Is  greater  than  90  degrees,  so  that  the 
gear  becomes  an  internal  bevel  gear,  as  in  Fig.  11.  the  outside  diam- 
eter tor  edge  diameter  as  It  is  better  called  la  the  case  of  internal 
gears)  becomes  less  than  the  pitch  diameter.  Otherwise  the  condi- 
tions are  the  same  although  many  of  the  dimensions  are  reversed  in 
direction. 

Rules  and  formulas  for  calcuIAtlng  the  dimensions  of  bevel  gears 
are  given  .on  pages  7,  9,  11,  and  13.  The  totlowing  reference  letten 
are  used: 


■i 
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RULES  AND  FORMULAS 


CHART    FOR   SOLUTION    OF    BEVEL    OKAJl    FROBLBM8.-I 


5ew/  Gears  trif/t  Shafts  af  Right  Ang/es .                              \ 

^ 

1 

i. — '' 

Mi/t-  a.  -  Fifth  Cant  Angle  of  fVnion 
<L  .  Pitch  ContilngM  of  Qtar 
li    '  Momber  of  THth  in  /^ien,  tfc. 

Us«  ffvks  and  Formuhs  1-21  in  fhm  orettt  given. 

No. 

To  Find 

Rule 

Formula 

I 

Pitch  Cent  Angle  6r 
UgeAnglelafPinior, 

Diride  the  number  of  ftefh  in  the  pinion  bg  ffm 
number  ffffeefh  in  nte  georhjgef  fh^tongenf 

lar,ap  -  ^ 

Z 

Pifch  Con*  Angle  (or 
BigiAn^)afQear 

Diride  the  number  of  teeth  In  the  gear  by  the 
number  of  fwefh  in  the  pinion  kgeffhelongenf 

'nma.g  -^ 

3 

Proof  of  Caki/la front 
IbrPflehCane  Angles 

The  sum  of  ffie  pifc/i  cone  angles  of  fhe pinion 
and  gear  equals  90  degrees 

a^fOCg-30' 

4 

Pifeh  Oia/neter 

Divide  the  number  of  teeth  bgff>e  cSamefrdI 
circular  pikh  and  ditide  ig  3.1416 

o-'^-W 

S 
6 

~T 

8 
9 

10 
II 
12 
13 

\ 

% 

\ 
1 

Addendtim 

Divide  1.0  bgfhe  diametral  pitch;  ormulfipig 
the  circular  pif^h  bg  0.3IB 

s-!f-OMP' 

Dadendulr, 

the  areolar  pitch  b^  a366 

stA-Wjimp' 

WholtOtpthof 
TbofhSftxa 

Diride  2.IS7 bgfhe diometnilpHch-.Ofmtilfipif 
the  circular  pitch  bg  0.687 

YlJfl.o.mp' 

7hk*netsof 
TiiofhatPHiJiljne 

the  circular  pitch  bg  Z 

T-p—J 

Pitch  Cone 
ftdefii/s 

Divide  the  pitch  diamefer  bg  twice  the  sine 
of  the  pitch  cane  ang^ 

c       " 

'■  Z,5inx 

Addtnelumoi 

Small  end 

ofTooffi 

Sub  fracf  the  nridth  off  ace  ^am  the  pitch  <j>nt 
radius,  diride  the  renKrinderbglAepifchame 
radius  and  mulfiplg  bg  fhe  addertdam 

-«^^ 

Thickness  of 
TOofh  at  Pitch 
Une  of  Small Ea 

Sublracf  the  width  of hxtfiofn  the  pitch  cone  nx/- 
ius.  tSrIde  tfie/tmaindtr  bfi  Hm pitch  amemdvjand 
mulHplgbglht  thickness  irllhe/oofhafthrpilch  line 

,.T,^ 

Angle 

Diride  the  addendum  bg  fhe  pitch  cone  radius 
to  get  fhr  tangent 

Tan  e-  "I" 

Angle 

Diride  the  dedendum  bi/ itie  pitch  cone  radius 
toget  the  tangent 

..„,.^ 

,n,„:b,G00i^lC 
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N=  number  of  teeth, 

P^diametral  pitch, 
P'^^ctrcular  pitch, 

T  =  3.I416,  (pi), 

a  =  pltcb  cone  angle  and  edge  angle,  (alpha), 

7^=  center  angle, (gamma), 

£»=;  pitch  diameter, 

S  ^  addendum. 
+  A:=  dedendum  (A  =  clearance) , 
TT^wliole  depth  of  tootb  space. 


T^thichnesB  of  tootb  at  pitch  line. 
C^  pitch  cone  radius. 
F=  width  of  face, 

a  :=  addendum  at  small  end  of  toolh. 
( :=  thickness  of  tooth  at  pitch  line  at  small  end. 
0:^addcndum  angle,  (theta). 
^  =  dedendum  ang1e,(phl), 
*  =  face  angle,  (delta), 
f  ^cutting  angle,  (zeta), 
£^  angular  addendum, 
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RULES  AND  FORMULAS 


CHART    FOB    SOLUTION    OF   BEVEL    QBAB    PBOBLBMS.-II 


Sere/  Gears  irifA  Shaffs  af  /figM  Angles    (Confinueefj. 


Cuffing  A 


Ang.f.rA^^<..i    Z'il'LTor. 


Oufside  Diameier- 


let  ff:etr'iHkof  face  fnim  ftVo/rt:/ 
(,  diride  the  remainder  Oy  me/u. 
f  and mui/iplt/  iyf/ie  apex  disfa/ 


Proof  of  Caicuhtiens     Tfte  oufside  diamtftr  eqixils  firice  ffvpifcft  cont  _^     ,      - 

\ZI     fy  Rules  1*33.9,        radius  i7>vffipliedl>i/ff>ecoiint  of  ffte/oct  angle        0-  ^^'  ""-^ 
'"     ■  ■"        ■  ~        and diyided by  fhe  cosine  of  ttie  dtdendum  ang^  ' 


Mifre  Bevel  Oearm^. 


h"      _.'--'^  Us€Rvles  and  Formulas  ZB^a,  2S,IO-IJ,Sit-2e,rr-/9,B7ond-^ 

K B/ in  file  order girtn.  Alldinxnsiens  Mas  obhiinedortffiesanie  ^rbefhgears 

of  a  pair 


Rule 


Pifeh  Cone  j^ng^     Fife  ft  cone  angle  equals  4S  degrees 


Pifch  Cone  Radius 


Subfr^cf  the  addendum  angle  from  4S''  I  ^  -  45°-  0 


Cuftirtg Angle       SubfiTiof  f he dadendt/m  angle  from 4Scleyrgt3\   l^—4S°^i 
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O^outBlde  dlitmeter  (edge  diameter  For  isternal  gears}, 
J' =  vertex  distance, 
j  =  vertex  dUtance  at  small  end, 
K'=  number  of  teeth  In  equivalent  spur  gear. 
Subprefers  to  dlmenalona  applying  tn  pinion  (a^,  Nj,  etc.) 
Sulif  refers  to  dimenalons  applying  to  gear  (a,.  N^,  etc.) 
It  will  be  noted  tbat  directions  tor  the  use  of  these  rules  are  given 
for  each  at  the  six  cases  of  right  angle  bevel  gearing,  mitre  bevel 
gearing,  acute  angle  and  obtuse  angle  bevel  gearing,  and  crown  and 


Fig.  13,    DlBomm  BxplUnlne  Oamla  OnlculstloaH  Rslatlna  lo  Bsval  ohts 

internal   bevel    gears.    Further   instruction   as   to    their    use    can   be 
obtained  from  (lie  examples  given  In  Chapter  11. 

Rules  and  Formulas  for  Bevel  Gear  Calculations 
ThL  derivation  of  most  of  these  tormulas  Is  evident  on  Inspection 
of  Figs.  1-12  Inclusive,  for  anyone  who  has  a  knowledge  of  elementary 
trigonometry.  It  la  not  necessary  lo  know  how  they  were  derived  to 
use  them,  however,  as  ail  that  Is  needed  is  the  ability  to  read  a 
table  of  sines  and  tangents. 

Formulas  5,  6,  7  and  8  are  the  same  as  (or  Brown  &  Sharpe  stand- 
ard gears.  The  dimensions  at  the  small  end  of  the  tooth  given  by 
Formulas  10,  11  and  W  evidently  are  to  the  corresponding  dimensions 
at  the  large  end.  ae  the  distance  from  the  small  end  of  the  tooth  to 
the  vertex  of  the  pitch  cone  is  to  the  pitch  cone  radius.  This  relation 
Is  expressed  by  these  formulas.  The  derivation  of  Formula  20  may 
be  understood  by  reference  to  Fig,  12: 
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RULES  AND  FORMULAS 


CHABT    FOB    SOLUTION    OF    BEVEL    QEAB    PBOBLEMB.-III 
—  Bavvl  Gears  wifh  Shafts  of: 


Usa  fhles  and  Formulas  zg  30  and  4  21  in  the  ortftr  giren 


No.       To  Find 


Fifth  Cone  Angle 
ier£d^  Angle) 


•ride  fhe  sin»  of  Ihe  cen  _    _.  .,  .-^ 

■a  cosine  of  fh*  ctnter  angle  and ^  1^ 

imber  of  letfh  in  fhe  gear  ditrded^  menambfrci 

tfh  in  the  pinion ;  Ihis  gli        " 


/f*i^y 


Pikh  Cone  Angle 


7  cosine  of Ihe  anfer  angle  ond  fife  oi^frenf  of 
e number  of  feefh  in  fhe  pinion  diridedlxflK  , 
•mber  offeelh  in  fhe  gear:  this  giies  «»  bngrnt 


^f,  noofofCalailafions  7he  sum  of  l/x  pi! 
•^  lor  Pikh  Cone  Angles  and  gear  eqi/als  } 


°g--y 


Bevel  Gears  with  Shafts  at  an  Obtuse  ArTg/e. 


fl'fch  cone  Angle 
(or  sage  Angle) 
Of  Pinion 

Whether  dear  is 
0  ffegolar  Berel 
Gear,  a  Crorrn 

3I  Bervl  Gear 


Pi  fell  Cone  Angle 
'or  Edge  Angle) 


.--  -t  fhe  sine  of  ISO  degrees  minus  fhe  center  I 
angle  by  fhe  difference  befrreen  ttieauofienf  of  fhe  1. 
number  of  fee  fh  in  the  gear  dirided  V  fhe  number 
offeelh  in  fhe  pinion  and  the  cosine  of  isodegn 
-  inusthe  center  angle;  this  giies  fhe  tangent 
<a  aoOegrees  lo  the  pitch  cone  onqle  oltnepinJoi 
the  sum  is  greater  than  fhe  center  ang^  use 
ifes  and  formulas  33^30 ar^rl-zt in  fhecrr^^^n 
tfte  sum  ejvals  ftie  center  angle  see  ral'  ' 
and  formulas  for  croivn  gear. 
If  the  Sam  is  less  than  ffre  center  ongft  s< 
-ules  and  formulas  ^r  internal  berel  gear. 
Di'k^  the  Sine  of  laootgrets  mines  'heceiferc 
by  fhe  difference  be firetn  hieai/ofrenf  of  the  number  * 
of  teelh  in  fhe  pinion  diridedhu  the  nvmberol  tttfh 
■T  the  gear  and  fl<e  cosine  of  I30  degrees  mi 
he  cen  *er angle ;  this  gires  tfte  tangent 


"Vvf 
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D                 N  N'  - 

D'  =-- = ,  also  D'  =  — 

COB  a         P  X  COS  o  P 

N'  N  y 

therefore  —  = ,  or  N'  = 

P        P  X  0O8  o  cos  B 

Formula  21  for  checking  the  calculations  will  also  be  understood 
from  Fig.  12,  where  It  will  be  seen  that 

C 

0  =  Sab  X  C08  8,  also  that  ab  = 

cos# 
2CXCOS8 
therefore  O  = 

OOS0 

Formulas  22-27  inclusive  are  simple  the  corresponding  Formulas  1, 
9,  14,  15.  IB  and  20  when  a  =  45  degrees. 


Anel*  OauIDB 


Formula  28  Is  derived  as  shown  in  Fig.  13. 


Solving  for  tan  ap,  we  have  ;  taosp  = 

dtan^-t-  esin7 
Dividing  both  numerator  and  denominator  by  e  tan  7,  we  have: 


Since  <I^ and  t 


)vGoo'^lc 


RULES  AND  FORMULAS 


CHART   FOB   SOLUTION    OF    BEVBl.   OBAB    PBOBLBMS.-IV 


.n  tins  ctnltr  angk  and  it/mnsio 


ts  anitt!imiilm34.»S<rKi-4-llin  fieenairgirtn 


Ctnttr  Angit  Add  90dtgrt»s  /o  f/itpikft  cone  angM ef  ffitp/n. 


'    J^'fc/i  Cbneffadius     Diride  the  pitch  diamefer  by  Z 


'^^T- 


'    fbct  Angle  of  Otar    Tttt  fax  cone  angkettliegtorejiielStlteoakndDm  angle 


.   lilt  fttth  art  ec 


m  form  h  fVck  fw 


Infernal  Bevel  Gears. 


PUkIi  Cone  Angle 
(or  Edge  Angle) 


01  vide  ttie  sine  of  iso  degrees  minus  flie  eenfer 
angle fbg  Hie  difference  betrretn  ftie  cosine  of  ISO    o. 
degrees  mini/s  the  can*8r angle  and ffie gixfienf  of 
Hit  number  of  tee  fir  in  llie  pinion  diridid  &g  fAe 
number  offeefft  in  tfie  gear;  subtract ffie  evtgfe 
irbosf  tangent  is  tfius  fiKincf  fivm  180  degrees  f 


'    Pihh  Cone  Hadios 
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Fonnula  29  is  derived  by  tbe  same  proceaa  (or  the  other  gear.  For- 
mula 31  (and  tlkcwlBe  33)  Is  derived  Irom  Fig.  14.  using  the  foIlowlDK 
fundamental  equation: 


tADBi.      sinCieO'-Y)      taii(ieO°-7) 
When  solved  for  tsn  a|„  this  gives  formula  31. 


Rule  No.  32,  of  course,  simply  expressee  the  operation  of  finding  out 
whether  the  pitch  cone  angle  of  the  gear  la  less,  equal  to  or  greater 
than  90  degreee.    Tbe  derivation  of  Formula  No.  34  Is  shown  In  Fig.  15: 


In  Fig.  12  is  to  be  measured 


parallel  to  the  axis,  and  nlll  therefore  be  of  Infinite  length,  tbe  form 
of  tbe  teeth  will  correspond  to  those  of  a  spur  gear  having  a  radius 
of  Infinite  length,  tbat  is  to  say.  to  a  rack.  This  accounts  for  Formula 
No.  38. 

Formulas  39,  40,  42  and  44  are  simply  the  correaponding  Formulas 
33,  9.  16  and  20  changed  to  avoid  the  use  of  negative  coslnee,  etc., 
wblcb  occur  with  angles  greater  than  90  degrees.  These  negative 
functions  might  possibly  confuse  readers  whose  knowledge  of  trigono- 
metry Is  elementary.  The  other  formulas  for  Internal  gears  are  readily 
comprehensible  from  an  Inspection  of  Fig.  11. 
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CHAPTER   11 


EXAMPLES    OF    BEVEL    GEAR    CALCULATIONS 

A  number  of  examples  of  catculatlone  are  here  given  for  practice, 
i^overiDg  all  the  various  types  shown  In  Figs.  3  to  8  Inclusive.  Tbe 
conditions  of  the  various  examples  differ  from  each  Dtber  only  in  tbe 
center  angle.  White  such  great  accuracy  la  not  required  in  the  work 
itself,  it  will  be  found  convenient  In  the  calculations  to  use  tables  of 
sines  and  tangents  which  give  readings  tor  minutes  to  five  figures. 
Tble  permits  accurate  cbeckiug  ot  the  various  dimensions  by  Rulea 
and  Formulas  3,  21,  etc. 

Shafts  at  BlBht  Anfflee 
Let  It  be  required  to  make  the  necessary  calculations  Cor  a  pair  of 
bevel  gears  In  wbtch  the  shafts  are  at  right  angles;  diametral  pitch  = 
3,  number  of  teeth  In  gear  ^  60,  number  of  teeth  in  pinion  =  16,  and 
width  of  face  =  4  Inches. 

tao  a,  =  15  -!-  60  =  0.25000=  tan  14"  2' (1) 

tan  «,  =60-;-15  =  4.00000  =  (an?5°58'    (2) 

7  =  14°  2'  +  75°  58'  =  90°    (3) 

Dp=  15  -!-  3  =  6.000"    (4) 

S  =  1  -i-  3  =  0.3333"  (5) 

1.157 

8  +  A  = =  0.3856"    (6) 

3 
2.157 
W  = ,=  0,7190"    (7) 


-  =  0.5236" 


C  = =  10.3097"    <9) 

2  X  0.24249 

1  =  0.3333  X— ^ =  0.2040"   (10) 

10.31 

t  =  0.5236  X^ =  0.3204"   (11) 

10.31 

tantf  =  — '■ =  0.03233  =  tan  1°  51'  (12) 

10,3097 
0.3856 

tan*  = =0.03740  =  tan  2°  9' (13) 

J0.3097 

a  =  90=  —  (14"  2'  +  1"  51')  =  74°  7'    (14) 

.(IB) 
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iC  =  0.3333  X  0.97015  =  0.323<"    (16) 

0  =  5.000  4-2  X  0.3234  =5.646g"    (17) 

5.646S 
J  = X  3.51441  =  9.9225"  (18) 


y  =  9.9225  X =  6.0726"  (19) 

10.31 
15 

W'  = =  15,4  (20) 

0,97015 

20.6194  X  0,27368 

6.6468"  = a  5.6461"  (21) 

0.99948 
This  gives  all  tbe  data  required  for  the  pinion.  Rules  5-13  Inclusive 
apply  equally  to  the  gear  and  the  pinton,  bo  we  have  only  calculations 
by  Rules  and  Formulas  4  and  14  to  21  to  malie,  though  it  Is  well  to 
calculate  Formula  9  a  second  time  as  a  check  tor  the  same  calculation 
for  tbe  pinion. 

60 
D  =—= 20.000"    (4 ) 


0  = =  10.3077"  (9) 

2  X  0.97015 

J  =  90— (75'58'  +  l''51')=12Mr   (14) 

f  =  75°  58'  —  2°  9'  =  73=  49'  (15) 

K  =  0.3333  X  0.24249  =  0.0808"    (16) 

0  =  20  +  2  X  0,0808  =  20.1616"   (17) 

20.1616 
/  = X  0.3159  =  2.1764"  (18) 


>  =  2.1764  X =  1.3320"  -(19) 

10.31 

60 

W= =  247  (20) 

0.24249 

20.6154  X  0.97748 

20.1616"  = aao.1615"  (21) 

0.99948 

This  gives  the  calculations  necessary  for  this  pair  of  gears,  which 
are  shown  drawn  and  dimensioned  in  Fig.  20.  There  are  two  or  three 
other  dimensions,  such  as  the  over-all  length  of  the  pinion,  etc.,  which 
depend  on  arbitrary  dimensions  given  the  gear  blank.    Directions  for 

calculating  these  are  given  In  the  text  in  connection  with  Fig.  20. 

Acute  Angle  Bevel  Q-earlng 

Let  It  next  be  required  to  calculate  the  dimensions  of  a  pair  of 

bevel  gears  whose  center  angle  Is  75  degrees,  the  number  of  teeth  In 

the  pinion  15,  tbe  number  of  teeth  in  the  gear  60,  the  diametral  pitch 

3,  and  the  width  of  face  4  Inches.    This  is  tbe  same  as  the  first  exam- 
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pie,  except  for  the  center  angle.    Following  the  dtrectlons  given  In 
the  chart  we  have: 

0.96593 

tanop  = =  0.22881  =tan  12"  47-  <28) 

60 

h  0.25882 

15 

0.96593 
tan  •,  = =  1.89837  =  Un  62°  13' (29) 


■y  =  12''  47'  +  62''  13*  =  75°    (30) 

Formulae  4-8  as  in  the  flret  example;  also,  C  =  11.2989",  a  =  0.2164", 
(  =  0.3382",  fl  =  I'  41',  ♦  =  1°  57',  S  =  75°  32',  f  =  10°  60',  K  = 
0.3251",  0  =  5.6503",  J  =  10.9501",  I  =  7,0748",  and  N'  =  15.3,  alto. 
22.598  X  0.24982" 

5.6502"= 3r  5.6483-    ...(21) 

0.99957 
For  the  gear,  the  additional  calculations  give:  C ^11.303".  3^26°  S', 
t  =60'  16',  K  =  0.1553",  0  =  20.3106",  J  =  4.9748",  j  =  3.2142".  y'  = 
129. 

22.606  X  0.89803 

20,3106"  = a  20.3096"  {21) 

0.99957 
The  above  catculattone  are  not  all  given  in  full,  aa  moat  of  them 
are  merely  re-dupHcatlons  of  tonnulaa  previously  used. 

Crown  Gear 
Suppose  It  is  required  to  make  a  crown  gear  and  a  pinion  tor  the 
same  number  ot  teeth,  pitch  and  face  as  In  the  previous  example.  What 
are  the  additional  calculations  necessary?    Following  the  proper  for- 
mulas in  the  order  given  by  the  chart,  we  have: 

15 

sin  Op  =  —  =  0.25000  =  810  14°  29'  (34) 

60 

7=  90°  +  14°  29'  =  104°  29' (35) 

The  other  calculations  are  similar  to  those  already  given. 

Internal  Bevel  Oear 
Let  It  be  required  to  deBign  a  pair  ot  bevel  gears  ot  the  same  num- 
ber of  teeth,  pitch  and  face  In  which  the  center  angle  Is  115  degrees. 
This  being  an  example  of  obtuse  angle  gearing,  we  use  Formula  31. 
0.90631 

tan  Op  = =  0.25334  =  tan  14°  13'  (31) 

60 

0.42262 

15 
Thus,  according  to  Rule  32.  we  find  that 

14"  13'  +  90  =  104°  13' <  115° ,„...(821 

[:.,qm.o=bvGoO<^lc 
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sbowlng  that  the  gear  1e  an  Interaal  bevel  gear.    Applying  the  rules 
and  formulas  for  internal  bevel  gearing,  we  have: 
0.90631 
tan  a .  = =  5.25032  =  tan  79°  13" 


0.42262 

60 
180°— 79°  13' =  100°  47' 
7=  100"  47'  +  14°  13' =  115° 


.(39) 
.(30) 


C  =  - 


20 


=  10.1797"    (40) 

=  12''40'    (41) 


2  X  0.98234 

i  =  100°47'  +  1°53'- 

f=  98°  37',  and  K  =  0.0624" 

0  =  20  —  2x0.0624=19.8752-    (43) 


aeisl  OeKFlDB  naed  u 


The  calculatone  for  the  pinion  and  the  other  calculations  (or  the 
gear  are  similar  to  those  already  given. 

Obtuse  Ang-le  Bevel  Oearlns 

Let  it  be  required  to  calculate  the  dimensions  of  the  same  set  ol 

gears  but  with  the  center  angle  of  100  degrees.    This  being  an  example 

ot  obtuse  angle  gearing,  we  apply  Formula  31  as  follows: 

0  98481 

lanap=    '■ =  0.25738  =  tan  14°   26' (31) 


-  0,1736o 


and  thus  discover  that  it  Is  an  example  ot  regular  obtuse  angle  gearing. 

14°  26'  +  90°  =  104°  26'  >    100° (32) 

The  remaining  calculations  for  the  angles  are  as  follows: 
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—  =:12.8986  =  tan  85=  34'. 


7   =     14°  26'   +  85°   34'  =  100° (30) 

and  the  calculatlonB  for  the  other  ditnenslonB  as  per  the  table. 
How  to   Avotd   Internal  Beval  Oeara 

When  Rule  32,  In  an;  given  case,  ahows  that  the  large  gear  will  be 
an  Internal  bevel  gear,  such  aa  shown  In  Fig.  16,  tbta  construction  maj 
be  Rvotded  without  changing  the  poaltlon  ol  the  shafts,  the  numbera 
of  the  teeth  in  the  gear,  the  pitch  of  the  teeth,  or  the  width  .of  face. 
Thla  la  dose  simply  by  subtracting  the  given  center  angle  from  ISO 
degrees,  and  using  the  remainder  as  a  new  center  angle  In  calculating 
a  set  of  acute  angle  gears  by  Rules  and  Formulae  28,  29,  30,  etc.  A 
pair  of  bevel  gears  calculated  on  thia  basis  corresponding  to  those  in 
Fig.  16  la  shown  In  Fig.  IT.  It  will  be  seen  that  the  contact  takes 
place  on  the  other  side  of  the  axis  OP  of  the  pinion. 

It  Is  necessary  to  avoid  Internal  bevel  gears  as  it  fs  practically  im- 
possible to  cut  them.  It  may  be  that  some  forms  o(  templet  planing 
machines  will  do  this  work.  If  the  pitch  cone  angle  is  not  too  great, 
but  no  form  of  generating  machine  will  do  it.  It  Is  rather  doubtful 
If  any  one  has  ever  cut  a  pair  of  internal  bevel  gears,  though  the 
writer  has  seen  occasional  examples  of  cast  gears  of  this  type. 
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SYSTEMS    OP    TOOTH    OUTUNES    USED    FOR 
BEVEL    OEAHINa 

Five  ayBtema  ol  tooth  outlines  are  commonly  used  (or  berel  gear- 
lug.    Tbey  are  tbe  cycloid,  the  standard  14^-degr«e  involute^  tbe  20- 
degree  Involute  and  the  15-  and  2D-degree  octold. 
The  Cycloldal  Syateni 

The  cylolda)  form  of  tooth  1b  obsolete  for  cut  bevel  geara.  and  ia 
rarely  met  vlth  nonadaya  tor  cast  gears  even.  It  requires  very  care- 
ful workmanship,  and  ia  dlfflcult  or  Impoaalble  to  generate.  It  Is  alao 
a  bad  abape  to  form  nith  a.  relieved  cutter,  aa  the  cutting  edge  tends 
to  drag  at  tbe  pitch  line,  where  for  a  abort  distance  the  sides  of  tbe 
teeth  are  nearly  or  quite  parallel.  For  spur  gearing  it  baa  a  few 
points  of  advantage  over  the  involute  form  of  tooth,  but  In  the  case 
of  bevel  gearing  thes;  are  nullified  by  the  Impossibility  of  generating 
tbe  teeth  In  practicable  macbinea.  The  cycloldai  form  of  tooth  need 
not  be  serloualy-considered  for  iKvel  geara. 

Involute  and  Octold  Teeth 

Moat  bevel  gears  are  made  on  tbe  involute  system,  of  either  the 
standard  li^  degree  pressure  angle,  or  the  2n-degree  preeaure  angle. 
In  spur  gear  teeth  the  pressure  angle  may  be  defined  as  the 
angle  which  the  flat  surface  of  the  rack  tooth  makM  with  tbe 
perpendicular  to  the  pitch  line.  The  20-degree  tooth  Is  consequently 
broader  at  tbe  base  and  stronger  In  form  than  the  llH'^Bgree  tooth. 
This  same  difference  applies  to  bevel  gears.  Most  bevel  gears  that 
are  milled  with  formed  cutters  are  made  to  the  14%-degree  standard, 
as  cutters  for  this  shape  are  regularly  carried  In  stock.  The  planed 
gears,  made  by  the  templet  or  generating  principles,  are  nowadays 
often  made  to  the  Z<Megree  pressure  angle,  both  tor  tbe  sake  of 
obtaining  stronger  teeth,  and  for  avoiding  undercutting  of  the  flanks 
of  the  pinions  as  well.  This  undercutting  Is  due  to  tbe  phenomenon 
of  "tnlerference,"  as  It  is  called,  which  is  minimized  by  Increasing  the 
preaaure  angle. 

It  you  aak  the  manufacturer  to  plane  a  pair  of  Involute  bevel  gears 
for  you  on  the  Bilgram,  Gleaaon  or  other  similar  generating  machine, 
he  win  not  give  you  involute  teeth,  but  something  "juat  as  good." 
This  just  aa  good  form  was  Invented  by  Mr.  Bilgram.  and  was  named 
"Octold"  by  Mr.  Geo.  Grant.  In  generating  machines  the  teeth  of 
the  gears  are  shaped  by  a  tool  which  represents  the  aide  of  the  tooth 
of  an  imaginary  crown  gear.  Tbe  cutting  edge  of  the  tool  Is  stralgbt 
line,  since  the  imaginary  crown  gear  has  teeth  wbose  sides  are  plane 
surfaces.    It  can  be  shown  that  the  teeth  of  a  true  Involute  crown 
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gear  have  sides  which  are  very  Bllghtly  curved.  The  minute  difference 
between  the  tooth  Bhapes  produced  by  a  plane  crown  tooth  and  a 
slightly  curved  crown  tooth  is  the  minute  difference  between  the  octold 
and  involute  forms.  Both  give  theoretically  correct  action.  The  cus- 
tomer In  ordering  gears  never  uses  th«  word  "octold,"  as  It  is  not  a 
commercial  term;   he  calls  for  "Involute"  gears. 

Formed  Cutters  for  Involute  Teeth 

For  14^-degree  involute  teeth,  the  shapes  of  the  standard  cutter 
series  furnished  hy  the  makers  of  formed  gear  cutters  are  commonly 
used.  There  are  8  cutlers  In  the  series,  to  cover  the  full  range  from 
the  12-tooth  pinion  to  a  crown  gear.  The  various  cutters  are  num- 
bered from  1  to  8.  as  given  In  the  table  below: 

No.  I  will  cut  wheels  from  13£  teeth  to  a  rack. 

No.  2  will  cut  wheels  from  E6  teeth  to  134  teeth. 

No.  3  will  cut  wheels  from  35  teeth  to  64  teeth. 

No.  4  will  cut  wheels  from  26  teeth  to  34  teeth. 

No.  6  will  cut  wheels  from  21  teeth  to  25  teeth. 

No.  6  will  cut  wheels  from  17  teeth  to  20  teeth. 

No.  T  will  cut  wheels  from  14  teeth  to  16  teeth. 

No.  8  will  cut  wheels  from  12  teeth  to  13  teeth. 

It  should  be  remembered  that  the  number  of  teeth  in  this  table 
refers  to  the  number  of  teeth  In  the  equivalent  spur  gear,  as  given  hy 
Rule  20,  which  should  always  be  used  in  selecting  the  cutter  used  for 
milling  the  teetb  of  bevel  gears.  Thus  for  the  gear  in  the  first  example 
in  Chapter  II.  the  No.  1  cutter  should  be  used.  The  standard  bevel  gear 
cutter  Is  made  thinner  than  the  standard  spur  gear  cutter,  as  it  must 
pass  through  the  narrow  tooth  space  at  the  inner  end  of  the  face. 
As  usually  kept  in  stock,  these  cutters  are  thin  enough  for  bevel  gears 
in  which  the  width  of  face  is  not  more  than  one-third  the  pitch  cone 
radius.  Where  the  width  ol  face  is  greater,  special  cutters  have  to 
he  made,  and  the  manufacturer  should  be  informed  as  to  the  thickness 
of  the  tooth  space  at  the  small  end;  this  will  enable  him  to  make  the 
cutter  of  the  proper  width. 

Special  Porms  of  Bevel  Gear  Teeth 

In  generating  machines  (such  as  the  Bilgram  and  the  Gleason)  It 
is  often  advisable  to  depart  from  the  standard  dimensions  of  gear 
teeth  as  given  by  Rules  and  Formulas  1  to  44.  For  instance,  where 
the  pinion  is  made  of  bronze  and  the  gear  of  steel,  the  teeth  of  the 
former  can  be  made  wider  and  those  of  the  latter  correspondingly 
thinner,  bo  as  to  somewhere  nearly  equalize  the  strength  of  the  two. 
Again,  where  the  pinion  has  few  teeth  and  the  gear  many,  it  may  be 
advisable  to  make  the  addendum  oa  the  pinion  larger  and  the  de- 
dendum  correspondingly  emaller.  reversing  thle  on  the  gear,  making 
the  addendum  smaller  and  the  dedendum  larger.  This  is  done  to 
avoid  interference  and  consequent  undercut  on  the  flanke  of  pinions 
having  a  small  number  of  teeth.  Such  changes  are  easily  effected  on 
generating  machines  and  :-istructions  for  doing  thie  tor  any  case  will 
be  furnished  by  the  makers.' 
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STRBNOTH    AND    DURABILITY    OF    BEVEL    GEARS 

Tbe  same  materials  are  used  in  senejal  lor  making  bevel  gears  as 
for  spur  gears  aad  each  has  practically  ibe  same  advantages  and  dis- 
advantages for  both  cases.  In  general,  the  strength  of  different  ma- 
terial? Is  roughly  proportional  to  the  durability. 

Tbe  Materlale  Used  for  Mftlcins  Bevel  Oeara 

Cast  Iron  Ib  used  (or  the  largest  work,  and  for  smaller  work  which 
i?  not  to  be  subjected  to  heavy  duty.  In  cases  where  great  working 
stress  or  a  sudden  shock  is  liable  to  come  on  the  teeth,  steel  Is  ordl- 
naril;'  used.  Such  gears  are  made  from  bar  stock  for  the  smallest 
work,  from  drop  (orglogs  for  Intermediate  sizes  made  on  a  manutactur- 
isg  basis,  and  from  steel  castings  for  heavy  work.  The  softer  grades 
o(  ateel  are  not  fitted  for  high  speed  service,  as  this  material  abrades 
more  rapidly  than  cast  Iron.  This  objection  does  not  apply  to  hard- 
ened steels,  such  as  used  in  automobile  transmission  gears. 

As  In  the  case  of  spur  gearing  It  Is  quite  common  to  make  the  gear 
and  pinion  of  different  materials.  Thle  Is  advantageous  from  the 
standpoint  of  both  efficiency  and  durability,  since  two  dissimilar  metals 
work  on  each  other  with  less  friction  than  similar  metals,  ae  Is  well 
known.  Cast  iron  and  steel,  and  steel  and  bronse  are  common  com- 
binations. In  general,  the  pinion  should  be  made  of  the  stronger 
material,  since  It  Is  of  weak  form;  and  it  should  be  made  of  the  more 
durable  material,  as  it  revolves  more  rapidly  and  each  tooth  comes 
Into  working  contact  more  times  per  minute  than  do  those  of  the 
larger  mating  gear.  In  a  steel-cast  iron  combination,  then,  the  pin- 
ion should  be  of  steel,  while  the  gear  Is  of  cast  Iron.  In  a  steel-bronze 
combination,  the  pinion  should  be  of  steel  and  the  gear  of  bronie, 
though  this  Is  more  costly  than  when  tbe  materials  are  reversed. 

A  wide  range  of  physical  qualities  is  now  available  In  steel,  both 
for  parts  small  enough  to  be  made  from  bar  stock,  and  for  those  made 
from  drop  forglngs.  Recent  improvements  have  also  given  almost 
as  much  flexibility  In  the  choice  ot  steel  castings.  Gears  made  from 
high  grade  steels  may  be  subjected  to  heat  treatments  which  Increase 
their  durability  and  strength  amazingly. 

Baw-hlde  and  fiber  are  quite  largely  used  for  pinion  blanks  In  cases 
where  It  Is  deelred  to  run  gearing  at  a  very  high  speed  and  with  as 
little  noise  as  possible.  There  is  a  little  more  dllBcultj'  In  building 
up  a  raw-hide  blank  properly  for  a  bevel  gear  than  for  a  spur  gear. 
Fiber,  which  Is  used  In  somewhat  the  same  way,  has  the  merit 
of  convenience  and  comparative  Inexpenslveness,  as  It  may  be  pur- 
chased in  a  variety  ot  sizes  of  bars,  rods,  tubes,  etc.,  ready  to  be 
worked  up  Into  pinion  blanks  at  short  no':ice.     It  Is  not  so  strong  fts 
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rawhide,  and  is  difficult  to  macbiae  owing  to  Its  gritty  composition. 
For  light  duty  at  high  speed  It  does  very  well.  For  large,  high-speed 
gearing  it  was  tormerly  a  common  practice  to  use  Inserted  wooden  teeth 
on  the  gear,  meshing  witb  a  solid  cast  Iron  pinion.  This  constructloD 
is  seldom  used  for  cut  gearing. 

Strengtb  of  Bevel  Gear  Teeth 

The  Iiewls  tormula  is  the  one  generally  used  In  this  country  (or 
calculating  the  strength  of  gears.  Mr.  Myers,  who  had  an  article  on 
the  "Strength  of  Gears"  In  the  December,  1!}06,  issue  ot  Machinerv, 
gives  Mr.  Barth's  adaptation  ot  this  formula  tor  calculating  the  strengtb 
ol  bevel  gears.  Tbe  rules  and  formulas  on  the  nest  page  are  con- 
densed from  the  method  given  in  the  article  referred  to. 

The  factors  to  be  taken  into  account  are  the  pitch  diameter  of  tbe 
gear,  the  number  ot  revolutions  per  minute,  tbe  diametral  pitch  (or 
circular  pitch  as  tbe  case  may  be)  the  width  of  face,  the  pitch  cone 
radius,  the  number  of  teeth  in  tbe  gear  and  tbe  maximum  allowable 
static  flber  stress  for  tbe  material  used.  From  this  we  may  find  tbe 
maximum  allowable  load  at  the  pitcb  line,  and  tbe  maximum  H.  P. 
the  gear  should  be  allowed  to  transmit. 

The  reader  familiar  witb  the  Lewis  tormula  will  note  that  rule  and 
formula  No.  47  li  the  same  as  for  spur  gears  with  the  exception  of  tbe 
C  —  F 

additional  (actor  .    This  factor  Is  an  approximate  one  which 

C 
expresses  tbe  ratio  of  the  strengtb  of  a  bevel  gear  to  that  of  a  spur 
gear  of  the  same  pitch  and  number  of  teeth,  the  decrease  being  due  to 
tbe  fact  that  the  pitch  grows  finer  toward  the  vertex.  This  factor 
is  approximate  only  and  should  not  be  used  for  cases  In  which  F  Is 
more  than  1/3  C;  but  since  no  bevel  gears  should  be  made  In  wblcb  F 
Is  more  than  1/3  C,  the  rule  Is  of  universal  application  for  good  prac- 
tice. As  the  width  of  face  Is  made  greater  in  proportion  to  tbe  pitch 
cone  radius,  tbe  Increase  of  strength  obtained  thereby  grows  propor- 
tionately smaller  and  smaller,  as  may  be  easily  proved  by  analysis 
and  calculation.  Actually  the  advantage  of  Increasing  the  width  of 
face  Is  even  less  than  Is  Indicated  by  calculation,  since  the  unavoidable 
deflection  and  disallgnment  of  the  shaft  Is  sure  at  one  time  or  another 
to  throw  practically  the  whole  load  on  the  weak  Inner  ends  of  the 
teeth,  which  thus  have  to  carry  tbe  load  without  help  from  tbe  large 
pitch  at  tbe  outer  ends. 

Rules  and  Formulas  for  tbe  Strength  ot  Bevel  Oears 

Tbe  reference  letters,  rules  and  formulas  on  the  next  page,  tor 
tbe  strength  of  bevel  gear  teeth,  are  self-explanatory.  As  an  approxi- 
mate guide  for  ordinary  calculations,  8,000  pounds  per  square  inch 
may  be  allowed  for  the  static  stress  of  cast  iron  and  20,000  pounds 
for  ordinary  machine  steel  or  steel  castings.  Where  the  gearing  Is 
to  be  subjected  to  sbock,  6,000  pounds  for  cast  iron  and  15,000  pounds 
for  steel  are  more  satisfactory  figures.  The  wide  range  of  materials 
offered   the  designer,  however,   makes   any  fixed  tabulation  of  fiber 
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BtreBs    Impracticable.     An   example  sbowing  the   use   ot  these   rules 
and  formulas  Ib  given  herewith. 

Calculate  the  nut^lmum  load  at  the  pitch  line  wbicti  caa  be  salel? 
allowed  for  the  bevel  gears  In  Fig.  20,  If  tbe  maximum  allowable  static 
BtresB  for  the  pinion  is  20.000  pouads.  and  for  tbe  gear,  8.000  pounds 
per  square  inch;  the  pinion  runs  at  300  revolutions  per  minute. 
The  calculations  for  the  pinion  are  as  tollows: 

V  =  0.262  X  5  X  300  =  400  feet  per  minute  (about) (45) 

600 

S^  20,000  X  =  12,000  pounds  per  square  Inch...  (46) 

600  +  400 
12,000  X  4  X  0.289  X  6.3 

W  = =  2.830  pounds (47) 

3  X  10.3 
For  the  gear,  tbe  velocity  is  the  same  as  for  the  pinion.    Tbe  neces- 
sary calculations  are  as  follows; 
600 
8  =  8,000  X  =  4,800  pounds  per  square  Inch (46) 

■600  +  400 
4,800  X  4  X  0.470  X  6.3 

W  = =  1.840  pounds (47)     - 

3  X  10.3 
The  gear  la,  therefore,  the  weaker  of  the  two,  and  thus  limits  tbe 
allowable  tooth   pressure.     The  msTcimum  horse  power  this   gearing 
will  transmit  safely  is  found  as  follows: 
1840  X  400 

H.Pt= =  22.3     (48) 

33,000 
Durability  Is  practically  of  as  much  importance  as  strength  In  pro- 
portioning bevel  gears,  but  unfortunately  no  data  is  as  yet  available 
for  making  satisfactory  comparisons  of  durability,  so  the  usual  pro- 
cedure is  followed  of  designing  the  gears  for  strength  alone,  trusting 
to  providence  that  lliey  win  not  wear  out  within  tbe  litetlme  ot  the 
machine  In  which  they  are  used. 
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DESIGN    OP    BEVEL    GEARING 

So  tar  we  bave  dealt  with  design  as  relating  to  calculations.  In  thla 
chapter  will  be  discussed  tbe  application  of  the  calculated  dlmenaions, 
the  determination  of  the  (actors  left  to  the  judgment,  and  tbe  record- 
ing of  tbe  design  In  the  drawing. 

Bevel  Oear  Blanks 

Various  forme  may  be  given  to  the  blanks  or  wheels  on  which  bevel 
gear  teeth  are  cut,  depending  on  the  size,  material,  service,  etc.,  to  be 
provided  tor.  The  pinion  type  of  blank  is  ahown  in  Pig.  12  and  elae- 
where.  It  Is  used  mostly,  as  indicated  by  the  name.  Cor  gears  of  a 
small  number  of  teelh  and  small  pitch  cone  angle.  Where  the  diam- 
eter ot  the  bore  comes  too  near  to  the  bottoms  of  the  teeth  at  tbe 
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email  end,  It  la  customary  to  omit  tbe  recess  Indicated  by  dimen- 
sion z,  and  leave  the  tront  face  of  the  pinion  blank  as  in  the  case 
shown  in  Fig.  20. 

For  gears  ot  a  larger  number  ot  teeth,  the  web  type  ahown  In  Fig.  9 
and  elsewhere  Is  appropriate.  Tbis  does  not  require  to  be  flntsbed 
all  over,  as  the  sides  of  the  web.  the  outside  diameter  ot  tbe  hub, 
and  the  under  side  ot  tbe  rim  may  be  left  rough  If  desired. 

A  steel  gear  suitable  for  very  heavy  work  Is  shown  in  Fig.  IS. 
Here  the  web  Is  reinforced  by  ribs.    The  web  may  be  cut  out  so  that 
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the  rim  is  supported  by  T-ehnped  mmiB.  m*  sbowa.  Tlila  atmlua  a,  veir 
Btlft  wheel  and  at  the  same  time  a.  very  lisht  one,  when  Its  strength 
is  considered.  Where  the  pilch  cone  angle  is  so  great  that  the  strength- 
ening rib  would  be  rather  narrow  at  the  flange.  It  may  be  given  the 
form  shown  In  Fig.  20  in  place  of  that  shown  In  Fig.  18. 
Oenerftl  Con  el  deration  a  Belatlng-  to  Deslun 
The  performance  of  the  most  careful  designed  and  made  bevel 
gears  depends  to  a  considerable  extent  on  the  design  of  the  machine 
in  which  they  are  used.  When  the  shafts  on  which  a  pair  of  bevel 
gears  are  mounted  are  poorly  supported  or  poorly  fitted  in  their 
bearings,  the  pressure  of  the  driving  gear  on  the  driven  causes  it  to 
climb  up  on  the  latter,  throwing  the  shafts  out  of  alignment.  This  In 
turn  causes  the  teeth  to  bear  with  a  greater  pressure  at  one  end  of  the 
face  (usually  on  the  outer  end)  than  the  other,  tbua  making  the  tooth 
more  liable  to  break  than  Is  the  case  where  the  pressure  is  more 
evenly  distributed.  It  la  Important,  therefore,  to  provide  rigid  shafts 
and  bearings  and  careful  workmanship  for  bevel  gearing. 


The  question  of  alignment  of  the  shafts  should  be  considered  In  de- 
ciding on  the  width  of  face  of  the  gear.  Malting  the  width  of  the  face 
more  than  one-third  of  the  pitch  cone  radius  adds  practically  nothing 
to  the  strength  of  the  gear  even  theoretically,  since  the  added  por- 
tion Is  progressively  weaker  as  the  tooth  Is  lengthened,  as  has  been 
explained.  In  addition  to  this,  there  Is  the  danger  that  through  spring- 
ing of  the  shafts  or  poor  workmanship,  the  load  will  be  thrown  onto 
the  weak  end  of  the  tooth,  thua  fracturing  it.  For  this  reason  It  may 
be  laid  down  as  a  definite  rule  that  there  Is  nothing  to  be  gained  by 
making  the  face  of  the  bevel  gear  more  than  one-third  of  the'  pitch 
cone  radius,  as  required  by  Rules  45  to  48. 

The  Brown  A  Sharpe  gear  book  gives  a  rule  tor  the  maximum  width 
of  face  allowable  tor  a  given  pitch.  The  width  of  (ace  should  not  ex- 
ceed five  times  the  circular  pitch  or  16  divided  by  the  diametral  pitch. 
This  rule  Is  also  rational  since  the  danger  to  the  teeth  from  the  mis- 
alignment of  the  shaft  Increases  both  with  the  width  of  face  and  with 
the  decrease  of  the  size  of  the  tooth,  so  that  both  of  these  should  be 
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limited.  In  deelgnlng  gearlns  tt  la  veil  to  cbeck  up  th«  width  ol 
face  from  tbe  rule  relating  to  tbe  pitch  cooe  radluB  and  that  relating 
to  the  pitch  as  well,  to  see  that  it  doee  not  exceed  the  maximum 
allowed  br  either. 

Interehaiiffeable  Bevel  Oearlng 

It  is  not  generally  realized  that  bevel  gears  may  be  used  tor  change 
gearing  In  cases  where  a  small  number  of  ratios  are  desired  and  where 
their  uee  will  save  an  extra  shaft  and  bearings.  The  conditions  tor 
Inlerctaangeable  bevel  gears  are  shown  In  Fig.  19.  The  same  gears 
are  shown  in  place  at  the  right  and  tbe  left  of  that  figure,  but  reversed 
In  position  thus  giving  two  ratios.  To  make  this  possible,  dimen- 
sions X  and  V  must  be  the  same  for  each  of  the  sets  of  gears.  Any 
other  pair  of  bevel  gears  in  which  dimensions  x  and  y  are  the  Bame 
may  be  used,  provided  suHBclent  clearance  la  furnished  In  the  ma- 
chine. This  arrangement,  though  sometimes  permitting '  the  slmplifl- 
catlon  of  the  mechanism,  has  the  disadvantage  that  bevel  gears  are 
less  convenient  to  store  than  spur  gears,  and  that  one  of  the  shafts 
must  be  slipped  ba'^k  in  Its  bearings  to  remove  the  gear. 
Model  Bevel  Oear  Drawing    , 

It  Is  not  enough  for  the  designer  to  carefully  calculate  the  dimen- 
sions of  a  set  of  bevel  gearing.  In  addition  to  this  be  has  the  impor- 
tant task  of  recording  these  dimensions  In  such  a  form  that  they 
will  be  intelligible  to  an  intelligent  workman,  and  will  plainly  fur- 
nish him  every  point  of  information  needed  tor  the  successful  comple- 
tion of  the  work  without  further  calculation.  A  drawing  which  prac- 
tically fllla  these  requlr£ments 'is  shown  In  Fig.  20.  The  arrangement 
of  this  drawing  and  the  amount  and  kind  of  Information  shown  on 
it  are  based  on  tbe  drafting-room  practice  of  the  Brown  &  Sharpe 
Mfg.  Co.,  as  described  by  Mr.  Burlingame  In  the  article  "Figuring  Gear 
Drawings"  in  the  August,  1906,  issue  of  Machixebt.  Some  changes 
and  additions  have  been  made  in  the  arrangement  of  the  dimensioning, 
however,  so  that  firm  cannot  be  held  responsible  tor  all  that  appears 
on  the  engraving. 

In  general,  the  dimensions  necessary  for  turning  the  blank  have 
hren  given  on  the  drawing  Itself,  while  those  for  cutting  the  teeth  are 
given  In  tabular  form.  Alt  the  dimensions  were  calculated  from  Rules 
1  to  21  Inclusive  and  may  be  checked  for  practice  by  the  reader.  It 
will  be  noticed  that  limits  are  given  for  the  important  dimensions. 
This  should  always  be  done  for  manufacturing  work  which  la  In- 
spected in  its  course  through  the  shop.  It  ought  to  be  done  even 
when  a  single  gear  is  made,  as  It  la  exceedingly  difficult  to  properly 
set  a  gear  if  the  workman  does  not  work  close  enough.  There  Is  no 
sense,  however,  in  asking  him  to  work  to  thousandths  of  an  inch  on 
blanks  like  these,  so  he  should  be  given  some  notion  as  to  the  accu- 
racy requirements  by  limits  such  as  shown. 

It  Is  assumed  that  the  gears  are  to  be  cut  with  rotary  cutters.  It  is 
unusual  to  do  this  with  pitches  as  coarse  as  this,  though  there  are 
machines  on  the  market  capable  of  handling  such  work.     In  gear  cut- 
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ting  machinee  using  form  cutters,  the  blanks  are  located  for  axtal 
poBltlon  by  the  rear  face  o(  the  bub.  It  is  necesaary  also  to  leave 
stock  at  this  place  for  fitting  the  gears  tu  the  machine.  It  will  be 
seen  that  the  dimension  for  bevel  gears  and  pinions  from  the  outside 
edge  of  the  blank  to  tte  rear  lace  ot  the  hub  Is  marked  "mahe  all 
alike."  This  means  that  the  same  amount  of  stock  should  be  left  on 
all  the  gears  In  a  given  lot  so  that  after  the  machine  Is  set  for  one 
of  (hem,  It  will  not  be  necessary  to  alter  the  adjustment  tor  the 
remainder. 

There  are  one  or  two  dimensions  which  are  not  given  directly  by 
rules  1  to  21.  One  of  these  Is  the  distance  4.57  Inches  from  the  out- 
side edge  of  the  teeth  to  the  finished  rear  face  of  the  hub  of  the  gear. 
This  dimension  is  commonly  scaled  from  an  accurate  drawing,  but  it 
'B»}f  be  calculated  by  subtracting  the  vertex  distance  from  the  distance 
between  the  pitch  cone  vertex  0  and  the  rear  face  of  the  bub.  This 
gives  6% — 2.1764  equals  4.57  inches  (about)  as  dimensioned.  An- 
other dimension  not  directly  calculated  Is  the  over-all  length  of  the 
pinion.  This  may  be  obtained  by  subtracting  the  vertex  distance  at 
the  small  end  (j'i  from  the  distance  between  the  vertex  and  the  rear 
face  of  the  hub.  giving  4.93  Inches  as  shown. 

In  the  tabular  dimensions  for  cutting  the  teeth,  most  of  the  figures 
are  self-explanatory.  The  (act  that  in  this  particular  case  a  20H3egree 
form  of  tooth  has  been  adapted  to  avoid  the  undercut  In  small  pin- 
ion (see  Chapter  III  on  Systems  of  Tooth  Outlines  used  for  Bevel 
Gearing)  is  indicated  In  the  table. 

The  number  of  cutter  is  selected  from  the  table  on  page  21  In  accord- 
ance with  the  number  of  teeth  (A")  In  equivalent  spur  gear,  as  deter- 
mined by  Rule  20.  This  la  15.4  tor  the  pinion,  and  247  for  the  gear. 
giving  a  No.  1  and  No.  7  cutter  respectively.  These  cutters  are  marked 
special,  owing  to  the  fact  that  they  are  20  degrees  involute  in- 
stead ot  141^  degrees.  They  would  be  special  under  any  circum- 
stances, howtver,  since  the  width  of  face  for  these  gears  (4  Inches) 
ie  more  than  1/3  the  pitch  cone  radius,  wliich  figures  out  to  10.3097 
Inches.  Standard  l>evel  gear  cutters  are  only  made  thin  enough  to 
paea  through  the  teeth  st  the  small  end  when  the  width  of  face  is  not 
more  than  1/3  the  pitch  cone  radius.  For  this  reason  cutters  thinner 
than  the  standard  would  have  to  be  used. 

In  bevel  pinions  ot  the  usual  form,  such  as  shown  In  Fig.  12,  dimen- 
sion z  there  given  has  to  be  furnished.  This  may  be  scaled  from  a 
carefully  made  drawing,  or  may  be  calculated  by  subtracting  the  length 
ot  the  bore  of  the  pinion  from  the  over-all  length,  the  latter  being  . 
obtained  as  described  for  the  pinion  in  Fig.  SO.  Such  dimensions 
do  not  need  to  be  given  In  thousandths  on  moderately  large  work.  It 
is  also  not  necessary  to  give  the  angles  any  closer  than  the  quarter 
degree,  as  tew  machines  are  furnlahed  with  graduations  which  can 
be  read  finer  than  this,  in  order  to  check  the  calculations  caretully, 
however,  it  la  wise,  as  previously  described,  to  make  them  with  con- 
siderable accuracy,  using  tables  ot  sines  and  tangents  which  read  to 
five  figures.  After  the  dimensions  are  calculated,  they  may  be  put  Is 
more  approximate  form  for  the  the  drawing.  i    GoOqIc 
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The  gear  drawing  in  Fig.  20  1b  dimensioned  more  fully,  perhaps, 
than  Is  ciiatomary.  especially  In  shops  having  a  large  gear  cutting  de- 
partment, where  the  foreman  and  operators  are  experienced  and  have 
BccesB  to  tables  and  records  of  data  tcr  bevel  gear  cutting.  Every 
dimension  given  is  useful,  however,  and  it  Is  a  good  plan  to  Include 
them  all,  especially  on  large  work. 
Dlmenelonlne  Drawings  for  Oeors  whose  Teeth  are  to  be  Planed 
The  machine  on  which  the  teeth  of  a  gear  are  to  be  cut  determines 
to  some  extent  tbe  dlmeoslone  which  the  workman  needs,  so  this 
should  be  taken  Into  account  In  making  the  drawing.  For  gears 
which  are  to  be  cut  on  a  templet  planing  machine,  the  dimension 
given  In  Fig.  20  may  be  followed  In  general.  Further  dimensions 
are  needed,  however,  to  set  the  blank  so  that  the  vertex  of  tbe  pitch 
cone  corresponds  with  the  central  axis  of  the  machine.  For  gears 
wltb  pitch  cone  angle  greater  than  45  degrees,  this  may  be  obtained 
from  dimension  X.  as  given  In  Fig.  21.  or,  better,  from  dTmenslon  J, 


For  pinions  and  any  gears  smaller  than  45  degrees,  dimension  C  (Fig. 
22  (  may  be  given. 

There  are  two  commercial  forms  of  gear  generating  machines  in 
general  used  In  this  country  lor  planing  the  teeth  of  bevel  gears. 
These  are  the  Gteason  and  Bllgram  machines.  Since  tbe  methods  of 
supporting  the  gears  are  different,  the  drawings  should  be  dimensioned 
to  suit  It  it  is  known  beforehand  how  they  are  to  be  cut.  For  the 
Gleason  machine  the  dimensioning  shown  In  Figs.  21  and  22  should 
be  given.  In  addition  to  that  shown  In  Fig.  20.  The  angles  a  and  «, 
the  pitch  cone  angle  and  dedendum  angle  respectively,  may  well  be 
put  in  the  table  of  dimensions  Instead  of  on  the  drawing.  The  dis- 
tance from  the  outside  corner  of  the  teeth  to  the  rear  face  of  the 
hub  should  he  made  alike  for  all  similar  gears  In  the  lot,  the  same 
as  for  gears  which  are  to  be  cut  by  the  form  cutters  or  the  templet 
process.    The  cutting  angle  may  he  omitted  from  the  drawing.     [^ 
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Tbe  method  of  dlmenstonfng  for  the  Bilgram  gear  planer  is  Btaown 
in  Figs,  23  and  24.  Angles  a  and  >/•  should  be  given  In  the  table  as 
before.  Dimension  8  ie  used  lor  setting  on  gears  of  large  pitch  cone 
angle,  and  dimension  C  or  the  pitch  cone  radius  tor  those  of  small 


kX 


ngm.  a 


pitch  cone  angle  (less  than  45  degrees).  It  is  a  good  Idea  to  give 
both  of  tbese  dimensions  for  both  gear  and  pinion,  so  that  the  setting 
of  each  may  be  checked  by  two  different  methods.  In  this  machine 
tbe  gears  are  located  from  tbe  front  face  of  the  bub,  so  that  tbe  dimen- 
sion to  be  marked  "make  all  alike"  should  be  given  as  shown. 
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■     MACHINES    FOR    CUTTING    BEVEL    GEAR    TEETH 

Whtle  a  very  large  number  of  mactalnee  have  been  placed  on  tbe 
market,  flrat  and  last,  tor  cutting  tbe  teeth  of  bevel  gears,  tbe  number 
of  designs  in  common  use  In  this  country  is  small,  It  being  possible, 
practically,  to  number  them  witb  the  fingers  of  one  band.  A  brief  dis- 
cuBslon  will  here  be  given  of  tbe  principles  and  mechanism  of  tlie 
more  commonly  used  of  these  macbines. 

Spherical  B»sls  of  tbe  Bev«l  Oesr;  Tred^old's  Approximation 

Tbe  principles  in  common  use  for  cutting  teeth  of  bevel  gears  are 
Identical  nith  those  for  cutting  tbe  teeth  of  spur  gears,  but  they  are 
modified  In  tbelr  application  to  correspond  with  tbe  spherical  basis  of 
tbe  bevel  gear.  Fig.  25  shows  two  bevel  gears  and  a  crown  gear  with 
axis  OC.  OB,  and  OA  respectively.  Fig.  26  shows  their  pitch  surfaces, 
nil  of  wbicb  converge  at  vertex  0.    These  pitch  surfaces  are  formed 


of  cones,  cut  from  a  sphere  as  shown,  whose  center  Is  at  the  vertex  0. 
The  pitch  surface  of  the  crown  gear  becomes  the  plane  face  of  tbe 
hemisphere  at  the  left  of  Fig.  26.  To  study  tbe  action  of  theee  gears 
tbe  same  way  as  ne  do  that  of  spur  gears  when  tbelr  teeth  are  drawn 
on  tbe  plane  surface  of  the  drawing  board,  the  corresponding  lines  tor 
tbe  bevel  gears  would  have  to  be  drawn  on  the  surface  of  the  sphere 
from  which  the  pitch  cones  were  cut.  The  various  pitch  circles  would 
be  struck  from  centers  located  at  the  points  where  the  axes  OA,  OB. 
and  00  break  with  the  surface  of  tbe  sphere.  The  method  of  draw- 
ing would  be  identical  with  that  for  spur  gears.  It  should  be  noted 
that  straight  lines,  on  spherical  surfaces,  are  represented  by  great 
circles — that  is  to  say,  by  the  intersection  of  the  surface  with  planes 
passing  through  the  center  of  the  sphere. 

Owing  to  the  impracticability  of  the  sphere  as  a,  drawing  board,  a 
process,  known  as  "Tredgold's  Approximation."  Is  usually  followed  for 
laying  out  the  teeth  of  bevel  gears.  Thia  Is  shown  in  Fig.  27  ap- 
plied to  tbe  same  case  as  in  the  two  preceding  figures.    Tbe  teeth  are 


34  .Vu,  37— BEVEL  GEARING 

drawn  and  tbe  action  etudied  on  surfaces  at  cones  complemeatair  to 

the  pl,tch  cones — that  fe,  on  the  cones  wltb  vertices  at  c  and  h.  Tbe 
surfaces  of  tbese  ^nee  can  be  developed  on  a  flat  piece  of  paper,  as 
sbowii  on  axes  OB  and  OC,  In  tbese  cases  tbe  pltcb  line  becomes  xy 
and  Tz.  as  there  Illustrated.'  Teeth  dftiwn  on  this  pitch  line  as  for 
a  spur  gear  may  be  laid  out  on  the  conical  surface  afid^used  as  the 
outlines  of  bevel  gear  teeth.  Teeth  80  drawn  are  Identical  with  those 
ot  tbe  equivalent  spur  gear  illustrated  In  Fig.  12,  as  will  be  seen  when 
comparing  it  wltb  Fig.  27.  For  the  crown  gear,  rack  teetb  are  wrapped 
around  tbe  surface  of  tbe  cylinder. 

Principles  of  Action  of  Bevel  Oesr  Cutting  Machinery 
There  are  three  principles  of  action  commonly  used  for  cutting  the 
teeth  of  bevel  gears,  namely,  tbe  form  4ool,  the  templet  and  tbe  molding- 
generating  principles.    There  are  two  machines  used  to  some  extent 
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In  Europe  which  employ  a  fourth,  that  known  as  the  odontograpblc 
principle.  It  is  not  In  use  in  thla  country,  so  It  win  not  be  described 
here. 

Tbe  formed  tool  principle  Is  illustrated  In  Fig.  28.  where  a  form 
cutter  Is  shown  shaping  one  side  of  tbe  tooth  ot  a  bevel  gear.  The  gear 
blank  Is  tipped  up  to  cutting  angle  f  and  fed  beneath  the  cutter  in 
tbe  direction  of  the  arrow.  It  will  be  immediately  seen  from  on 
examination  of  tbe  figure  that  tbe  form  tool  process  is  by  necessity 
approximate.  It  is  evident  that  the  right-hand  side  of  the  cutter  Is 
reproducing  its  own  unchanging  outline  along  the  whole  length  of  tbe 
face  of  the  tool  at  the  right.  This  form  should  not  be  unchanging 
For.  as  has  been  explained,  tbe  teeth  and  tbe  space  between  them 
grow  smaller  towards  the  apex  of  tbe  pitch  cone,  where  they  finally 
vanish,  so  it  is  evident  that  tbe  outline  of  a  tooth  at  tbe  small  end 
should  be  the  same  as  that  at  tbe  large  end.  but  on  a  smaller  scale — 
not  a  portion  of  tbe  exact  outline  at  the  large  end,  as  produced  by  the 
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formed  tool  procesB  and  as  ahown  tn  the  figure.  The  method  of  ad- 
Justing  the  cuts  to  approximate  the  dealred  Bhape  is  described  In  the 
next  chapter. 

The  Templet  Principle;  This  principle  is  illustrated  In  Fig.  29,  In 
skeleton  form  only.  A  former  or  templet  Is  used' which  has  the  same 
outline  as  woutft^  tooth  of  the  gear  being  cut.  If  the  latter  were  ex- 
tended as  far  from  the  apex  ef  the  pitch  cone  ae  the  position  in  which 
the  former  Is  placed.  The  tool  1b  carried  br  a  slide  which  recipro- 
cates It  bacli  and  forth  along  the  length  of  the  tooth  in  a  line  of  direc- 
.llon  (OX,  OY.  etc.)  which  passes  through  the  vertex  O  of  the  pitch 
cone.  This  slide  may  he  swlveled  In  any  direction  and  la  any  plane 
about  this  vertex,  and  its  outer  end  Is  supported  by  the  roller  on  the 
former.  With  this  arrangement,  as  the  slide  ia  swlveled  Inward 
about  the  vertex,  the  roll  runs  up  on  the  templet,  raising  the  slide  and 
the  tool  BO  as  to  reproduce  on  the  proper  scale  the  outline  of  the 
former  on  the  tooth  being  cut.    Since  the  movement  of  the  tool  is 
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always  toward  the  vertex  of  the  pitch  cone,  the  elements  of  the  tooth 
vanish  at  this  point  and  the  outlines  are  similar  at  all  sections  of 
the  tooth,  though  with  a  gradually  decreasing  scale  as  tha  vertex  IB  ap- 
proached— all  as  required  for  correct  bevel  gearing. 

The  arrangement  thug  shown  diagrammatical  ly  ia  modified  In  vari- 
ous ways  In  different  machines,  but  the  movement  Imparted  to  the 
tool  in  relation  to  the  work  is  the  same  In  all  cases  where  the  templet 
principle  ia  employed,  no  matter  what  the  connection  between  the 
templet  and  the  tool  may  be. 

The  Molding-Oenerating  Principle:    Suppose  wa  have  a  bevel  gear 
bianic  made  of  some  plastic  material,  such  as  clay  or  putty.    By  trans- 
1  .  iVp  JVp 

— ,  It  Is  evidently 

possible  to  make  a  crown  gear  which  will  mesh  properly  with  any 
bevel  gear,  such  as  the  one  we  wish  to  form.  It  this  crown  gear  and 
the  plastic  blanic  are  properly  mounted  with  relation  to  each  other 
and  rolled  together,  the  tooth  of  the  crown  gear  will  form  tooth  spaces 
and  teeth  of  the  proper  shape  In  the  blank.  This  Is  the  foundation 
principle  of  the  molding-generating  method. 
In  practice  we  have  blanks  of  solid  steel  or  Iron  to  machine  InBtead 
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ot  putty  or  clay,  bo  the  operation  has  to  be  modified  accordingly.  Fig. 
30  sbows  tn  diagrammatic  form  an  apparatus  for  using  the  shaping 
or  planing  operation  with  the  molding-generating  principle.  Here  the 
crown  gear  la  of  larger  diameter  than  is  required  to  mesh  with  the 
gear  being  cut,  and  It  engages  a  master  gear  keyed  to  the  same  shaft 
as  the  gear  being  cut,  and  formed  on  the  same  pitch  cone.  It  the 
teeth  of  the  crown  gear.  Instead  of  being  comparatively  narrow  as 
shown,  were  extended  clear  to  the  vertex  O,  they  would  mesh  properiy 
with  the  gear  to  be  cut.  The  tooth  is  provided  as  shown  having  a  line 
of  movement  such  that  the  point  of  the  tooth  travels  In  line  OX,  which 
Is  the  comer  of  a  tooth  of  an  Imaginary  extension  of  the  crown  gear. 
This  crown  gear  has  a  plane  face  (see  reference  to  "odontoid"  form 
of  tooth  on  page  20)  and  the  cutting  edge  of  the  tooth  is  straight  and 
set  to  mesh  the  face  of  the  tooth.  As  It  Is  reciprocated  by  suitable 
mechanism  (not  shown)  the  cutting  edge  represents  a  face  of  the 
imaginary  crown  gear  tooth.  If  now,  the  master  gear  and  crown  gear 
are  rolled  together  and  the  tool  reciprocating  starts  in  at  one  side  of  t'.ie 
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gear  to  be  cut  and  passing  out  at  the  other,  the  straight  cutting  edge 
of  the  tooth  wiil  generate  one  side  of  a  tooth  in  the  gear  to  be  cut  In 
the  same  way  as  If  the  extended  tooth  of  the  crown  gear  were  roil- 
ing Its  shape  on  one  side  of  the  tooth  of  a  plastic  blank.  This  simple 
mechanism  has.  of  course,  to  be  complicated  by  provisions  for  putting 
both  sides  of  the  tooth,  and  tor  indexing  the  work  from  one  tooth  to 
the  other  so  as  to  complete  the  entire  gear.  Arrangements  have  to 
be  made  &1bo  to  make  the  machine  adjustable  tor  bevel  gears  ot  'all 
angles,  numbers  of  teeth  and  diameters  within  Its  range. 

The  use  ot  the  three  principles  illustrated  in  Figs.  28,  29  and  30  is 
not  limited  to  the  cutting  operation  shown  for  each  case.  In  Fig.  28, 
for  Instance,  a  formed  planer  or  shaper  too!  may  be  used  as  well  as 
a  formed  milling  cutler.  Templet  machines  have  been  made  In  which 
a  milling  cutter  la  used  instead  ot  a  shaper  tool.  This  is  true  also 
of  the  molding*  gen  crating  principle  shown  In  Fig.  : 
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A  very  common  method  of  using  the  formed  tool  for  cutting  bevel 
gears  makes  use  of  the  ordinary  plalQ  or  unlvereal  milling  machine 
and  adjustable  dividing  head.  Cutting  bevel  gears  by  this  method 
Is  deecribed  in  the  next  chapter,  so  It  will  not  be  described  here. 

Most  builders  or  automatic  gear  cutting  machines  furnish  them.  If 
desired.  In  B  style  which  permits  the  sniveling  of  the  cutter  slide  or 
of  the  work  spindle  to  any  angle  from  0  to  90  degrees,  thus  permitting 
the  automatic  cutting  of  Ijevet  gears  by  the  formed  cutter  process. 


An  example  of  such  a  machine  is  shown  In  Fig.  31.  Here  the  cutter 
slide  la  monnted  on  an  adjustable  swinging  sector,  as  may  be  seen. 
As  explained  In  the  next  chapter,  it  is  necessary  when  cutting  bevel 
gears,  to  cut  first  one  side  of  the  teeth  all  around  and  then  the  other. 
Between  the  two  cuts  the  relation  of  the  work  and  cutter  to  each 
other,  as  measured  in  a  direction  parallel  to  the  axis  of  the  cutter 
spindle,  has  to  be  altered.  In  the  automatic  machine  this  is  effected 
by  shitting  the  cutter  spindle  axlatly  when  the  second  cut  around 
on  the  other  side  of  the  teeth  is  taken.  Suitable  graduations  are 
provided  for  the  angular  and  longitudinal  adjustments. 


,  Goo'^lc 


38  No.  ST-BEVEL  CEARINC 

Bevel  Oear  Templet  Planluff  Macblnes 
The  templet  planing  macblne  most  commonly  used  In  this  countrr 
Is  Bhown  In  one  of  the  smaller  elzes  In  Fig.  32.  The  tool  1b  carried 
by  a  holder  reciprocated  by  an  adjustable,  quick-return  crank  motion. 
The  Bitde  which  carries  this  tool-holder  may  be  swung  in  a  vertical 
plane  about  the  horizontal  axle  on  wblcb  It  1b  pivoted  to  the  bea<i, 
which  carries  the  whole  mechanism  of  tool-holder,  slide,  crank,  driv- 
ing gearing,  etc.  This  head,  in  turn,  may  be  swung  In  a  vertical  axlB 
about  a  pivot  In  the  bed.  The  circular  ways  which  guide  this  move- 
ment are  easily  seen  In  the  illustration.  The  Intersection  o(  tbe  verti- 
cal and  horizontal  axes  of  adjustment  (which  takes  place  In  mld-alr 
In  front  of  the  tool  elide)  Is  the  point  O  In  Fig.  29  where  tbe  templet 


principle  Ib  Bhown  in  diagrammatic  form.  The  blank  is  mounted  on 
a  spindle  carried  by  a  head  which  is  adjustable  In  and  on  the  top  o( 
the  bed  ot  the  machine  so  that  the  epex  of  the  cone  of  the  gear  may 
be  brought  to  point  O  by  means  of  Ihe  gagea  wblcb  are  a  part  of  the 
equipment  of  the  machine. 

Three  templets  are  used,  mounted  In  a  holder  attached  to  tbe  front 
of  the  bed,  on  the  further  side  In  tbe  view  shown.  The  first  of  these 
temple(8  is  for  "stocking'"  or  roughing  out  the  tooth  spaceg.  It 
guides  the  tool  to  cut  a  siraight  gash  In  each  tooth  space,  removing 
most  of  the  stock.  After  each  tooth  space  has  been  gashed  In  tbls 
fashion,  tbe  templet  holder  Is  revolved  to  bring  one  of  tbe  formed 
templets  Into  position,  and  a   tool   Is  set   In  tbe  holder  so  that  Its 
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point  bears  the  same  relation  to  the  shape  of  the  tooth  desired  as  the 
cam  roll  doee  to  the  templet.  The  head  is  again  fed  in  by  swinglnK  it 
around  Its  vertical  axis,  during  which  movement  the  roll  runs  up  on 
the  Btatlonary  templet,  swinging  the  tool  about  its  horizontal  axis  in 
Buch  a  way  as  to  duplicate  the  desired  form  on  the  tooth  of  the  gear. 
One  side  of  each  tooth  being  thus  shaped  entirely  around,  the  holder 
Is  again  revolved  to  bring  the  third  templet  Into  position.  This  has  a 
reverse  form  from  the  preceding  one  adapted  to  cutting  the  other  side 
of  the  tooth.  A  tool  with  a  cutting  point  facing  the  other  way  being 
inserted  In  the  holder,  each  tooth  of  the  gear  has  its  second  side 
Formed  automatically,  as  before,  completing  the  gear.    The  swinging 
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movement  for  feeding  the  tool  and  the  indexing  of  the  work  are  taken 
care  of  by  the  mechanism  of  the  machine  without  attention  on  the 
part  of  the  operator. 

Bevel  Gear  Oenerating'  Uachlnea 
The  mechanism  Illustrated  In  outline  in  Fig.  30  Is  one  that  has 
been  employed  In  a  number  of  Interesting  and  Ingenious  mactainea.  The 
Drst  application  of  this  principle  was  made  by  Mr.  Hugo  Bllgram  of 
Philadelphia,  Fa.  This  form  of  machine  In  the  hand-operated  style 
has  been  used  for  many  years.  An  example  of  a  more  recently  de- 
veloped automatic  machine  of  the  same  type  is  shown  in  Fig.  33.  The 
movements  operate  on  the  same  principle  as  In  Fig.  30,  though  In  a 
modlfled  form.     Instead  ot  rotating  the  crown  gear  and  master  gear 
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together,  the  tmaglDar;  crown  gear  and,  consequently,  the  tool,  remain 
stationary  bo  far  as  angular  position  Is  concerned,  while  the  frame 
ia  rotated  about  the  axis  of  the  crown  gear,  thus  rolling  the  master 
gear  on  the  latter  and  rolling  the  work  In  proper  relation  to  the  tool. 
Instead  of  using  crown  and  master  gears,  however,  a  section  of  the 
pitch  cone  of  the  master  gear  is  used,  which  rolls  on  a  plane  surface, 
representing  the  pitch  surface  of  the  crown  gear.  The  two  surfaces 
are  prevented  from  slipping  on  each  other  by  a  pair  of  steel  tapes, 
stretched  so  as  to  make  the  movement  positive.  A  still  further  change 
constats  In  extending  the  work  arbor  down  beyond  center  0  in  Fig.  30, 
mounting  the  blank  on  the  lower  side  of  the  center  so  that  the  tool, 
being  also  on'  the  lower  side,  is  turned  the  other  side  up  from  that 
shown  In  the  diagram.  All  these  movements  can  be  followed  In  Fig. 
33.     As  explained,  a  tool  with  a  straight  edge  Is  used,  representing 


the  side  ot  a  rack  tooth,  and  this  tool  Is  reciprocated  by  a  slotted 
crank,  adjustable  to  vary  the  length  of  the  stroke,  and  driven  by  a 
Whitwortb  quick  return  movement.  The  feed  of  the  machine  Is  ef- 
fected by  swinging  the  frame  In  which  the  work  spindle  and  itfl  sup- 
ports are  hung,  atrout  the  vertical  axis  of  the  Imaginary  crown  gear. 

As  Stated,  the  machine  Is  automatic.  The  operator  sets  the  machine 
and  places  a  previously-gashed  blank  on  the  work  spindle  and  starts 
the  tool  in  operation.  The  meehsniam  provided  will,  wUhout  further 
attention,  complete  one  side  of  all  the  teeth.  The  machine  may  be 
then  readjusted  and  the  tool  set  tor  cutting  the  other  side,  which  will 
be  finished  in  the  same  automatic  fashion.  The  mechanism  does  not 
operate  on  the  principle  of  completing  one  side  of  one  tooth  before 
Boing  to  the  next.     It  follows  the  plan  of  indexing  the  work  (or  each 
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Btroke  of  ttie  tool,  the  rolling  action  being  progressive  with  tbe  tn- 
dexlng  so  as  to  finish  all  the  teeth  at  once. 

The  Gleaaon  generating  machine  Is  shown  In  Fig.  34.  It  differs  from 
the  previous  machine  In  employing  two  tools,  one  on  each  side  of  the 
tooth.  The  construction  Is  Identical  with  the  mechanism  In  Fig.  30,  in 
having  the  axes  of  the  tool  slides  and  of  the  blank  fixed  la  relation 
to  each  other  during  the  operation,  the  tool-holders  and  the  blank 
rocking  about  their  axes  to  give  the  rolling  movement  for  cutting. 
The  rocking  Is  effected  by  means  of  aegmenta  of  an  actual  crown  gear 
and  master  gear.  THe  segment  of  the  crown  gear  Is  permanently  at- 
tached to  the  face  of  the  rear  of  the  cutter  slide  frame,  while  the 
segment  of  tbe  master  gear  (of  which  there  are  several  furnished  with 
the  machine,  the  one  used  being  chosen  to  agree  with  the  angle  of 
the  gear  to  be  cut)  Is  clamped  to  the  seml-clrcular  arm  pivoted  at  the 
outer  end  of  the  machine  at  one  side,  and  fastened  to  the  work  spindle 
sleeve  on  the  other.  This  arm  is  rocked  by  a  cam  mechanism  and 
slotted  link  on  the  side  opposite  that  shown  in  illustration. 

Tbe  cycle  of  operations  is  as  follows:  The  machine  being  adjusted 
properly  In  its  preliminary  position,  the  tool  slide  and  tbe  bead  on 
which  It  Is  mounted  are  swung  back  about  tbe  vertical  axis  so  that 
the  toots  clear  the  work.  Tbe  blank  t)eing  set  In  the  proper  position. 
a  cam  movement  swings  the  cutter  slide  head  inward  until  the  re- 
ciprocating tools  reach  the  proper  depth.  The  cam  movement  first 
mentioned  now  rocks  upward  the  semi-circular  arm  extending  around 
the  front  of  the  machine,  rolling  the  blank  and  (through  the  seg- 
mental crown  and  master  gears)  the  slide,  until  the  tools  have  been 
rolled  out  of  contact  In  one  direction,  partially  forming  the  teeth  as 
Uiey  do  so.  The  arm  is  then  rolled  back  to  the  central  position  and 
along  downward  lo  the  lower  position,  until  the  tools  are  rolled  out  of 
contact  with  the  tooth  In  this  direction,  completing  the  forming  of  the 
proper  shape  as  they  do  so.  The  cam  then  rocks  tbe  arm  back  to 
tbe  central  position,  where  the  cutter-slide  bead  Is  swung  back  to 
clear  the  tooth,  and  the  work  Is  Indexed,  after  which  this  cycle  of 
operations  is  continued  for  the  next  tooth.  It  will  be  seen  that  by 
starting  from  the  central  position,  going  to  each  extreme  and  return' 
Ing,  all  parts  ot  each  tooth  are  passed  over  twice,  giving  a  roughing 
and  a  finishing  chip.     The  machine  is  entirely  automatic. 
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CUTTING    THE    TEETH    OF    BEVEL    G-EARS 

Special  directiOQB  for  operating  are  furnUbed  by  Cbe  makers  oi 
mold ing-ge Derating  and  templet  planing  machines.  As  these  directions 
are  usually  adequate,  and  apply  only  to  the  particular  machines  for 
wbich  they  are  given,  this  chapter  will  be  conQned  to  giving  instruc- 
tions Tor  cutting  teeth  by  the  formed  tooth  method  only,  as  performed 
on  standard  machine  tools. 

The  Practicability  of  the  Formed  Tool  Proceas 

The  first  piece  of  Instruction  to  bo  given  in  cutting  bevel  gears 
with  a  milling  cutter  is — don't  do  it.    There  are  exceptions  a-plenty  to 


this  rule,  of  course.  For  instance,  gears  too  email  to  be  cut  on  any 
commercial  planing  maclilne  may  be  milled  with  a  formed  cutter;  In 
general,  it  is  not  considered  advisable  to  plane  gears  having  teeth 
finer  than  12  to  16  diametral  pitch.  It  is  allowable,  also,  to  mill  gears 
of  coarser  pitch  which  are  to  run  at  slow  speeds  or  which  are  to  be 
used  only  occaBlonally — such,  for  Instance,  as  tbe  bevel  gears  used  for 
driving  the  elevating  acrewa  of  a  planer  cross-rail,  or  those  used  in 
connection  with  any  hand-operated  mechanism.  It  is  Impracticable 
under  ordinary  conditions  to  mill  teeth  of  bevel  wears  having  teeth 
coarser  than  3  diametral  pitch,  no  matter  what  the  service  for  which 
they  are  to  be  used. 

OuttlDff  Bevel' Oears  in  the  Mlllla?  Macbtne 

Tbe  first  requirement  for  setting  up  the  milling  machine  to  cut  bevel 

gears,  is  an  accurate  blank.    It  is  next  to  impoasible  to  cut  satisfactory 
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teeth  if  the  face  and  outBlde  diameter  of  the  gear  vary  from  the  proper 
dimensions.  After  the  settings  have  been  correctly  determined  for  a 
properly-made  blank,  the  accuracy  of  the  rest  of  a  lot  of  gears  does  not 
cut  quite  80  much  flgure.  Otiier  points  which  have  to  be  looked  out 
for  are  the  truth  of  the  arbor  on  which  the  gear  is  mounted,  and  the 
EMlectton  of  the  proper  cutter,  as  described  on  page  21. 
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Fig.  35  shows  the  machine  set  up  for  cutting  a  bevel  gear,  and  Fig. 
86  shows  In  diagram  form  the  relative  positions  of  the  cutter  and  the 
work.  The  spindle  of  the  dividing  head  Is  set  at  the  cutting  angle,  as 
sbowTi,  and  the  cutter  (which  has  been  centered  with  the  axis  of  the 
work-splndle)  is  sunk  into  the  work  to  the  whole  depth  W,  as  given  by 
the  working  drawing. 

The  centering  may  be  done  by  mounting  a  true  hardened  center  In 
the  taper  hole  of  the  spindle,  and  lining  up  Its  point  with  the  WKk 
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which  will  be  found  .Inscribed  either  on  the  top  or  on  the  back  face 
of  the  tooth  of  the  commercial  gear  cutter.  A  more  accurate  method 
Is  described  in  Machinebt's  Shop  Operation  Sheet,  No.  1.  Setting  the 
cutter  to  the  whole  depth  W  is  effected  by  paBBing  the  work  back  and 
forth  under  the  revolving  cutter  and  slowly  raising  It  until  the  teeth 
of  the  cutter  Just  bite  a  piece  of  tieeue  paper  laid  over  tbe  edge  of  the 
blank.  This  must  be  done  after  centering.  The  dial  on  the  elevating 
screw  shaft  is  set  at  zero  in  this  position,  and  then  the  knee  is  raised 
an  amount  equal  to  the  whole  depth  of  the  tooth,  reading  the  dial  from 
zero.  This  is  evidently  not  eitactly  right,  since  the  meaeurement  should 
be  taken  In  tbe  direction  of  the  back  edge  of  the  tooth,  which  inclines 
from  the  perpendicular  an  amount  equal  to  the  dedendum  angle,  as 
shown  In  Fig.  36.  In  practice,  the  slight  difference  in  the  value  for  the 
whole  depth  thus  obtained  Is  negligible. 

Having  thus  mounted  the  work  at  tbe  proper  angle  and  having  thus 
centered  the  cutter  and  set  It  to  depth,  two  tooth  spaces  should  next 
be  cut,  with  the  Indexing  set  by  the  tables  furnished  with  the  divid- 
ing head  to  give  the  number  of  teeth  required  for  the  gear.  Cutting 
these  two  spaces  leaves  a  tooth  between  them  on  which  trial  cuts  are 
made  until  the  desired  setting  is  obtained.  The  relative  positions  of 
the  cutter  and  tbe  work  and  tbe  shape  of  the  cuts  thus  produced  are 
shown  in  the  upper  part  of  Fig.  36.  It  will  be  seen  at  once  that  this 
does  not  cut  the  proper  shape  of  tooth.  As  explained  in  the  first 
paragraph  In  Chapter  VI,  all  the  elements  of  the  bevel  gear  tooth 
vanish  at  O,  tbe  vertex  of  the  pitch  cone — that  is  to  say,  the  outer 
comers  of  the  tooth  space  should  converge  at  O  instead  of  at  A. 
and  the  sides  of  the  tooth  spaces  at  the  bottom,  instead  of  having  the 
parallel  width  given  them  by  the  formed  cutter,  should  likewise  vanish 
at  0.  Our  next  problem  Is  that  of  so  re-eetting  the  machine  that  we 
can  cut  gear  teeth  as  nearly  as  possible  like  the  true  tooth-(orm  in 
which  tbe  elements  converge  at  0. 

■ozimate  tbe 

There  are  a  number  of  ways  of  approximating  tbe  desired  shape  of 
bevel  gear  tooth.  Of  these  we  have  selected  as  most  practicable  the  one 
In  which  the  sides  of  tbe  tooth  at  tbe  pitch  line  converge  properly 
toward  tbe  vertex  of  the  pitch  cone.  Gears  cut  by  this  process  will 
show,  of  course,  the  proper  thickness  at  tbe  pitch  line  when  measured 
by  the  gear  tooth  caliper  at  either  t^e  large  or  the  small  ends.  This 
method  of  approximation  produces  looth  spaces  which,  at  the  small  end, 
are  somewhat  too  wide  at  the  bottom  and  too  narrow  at  the  top.  or,  In 
other  words,  the  teeth  themselves  at  tbe  small  end  are  too  narrow  at  (he 
bottom  and  too  wide  at  the  top.  To  make  good  running  gears  they 
must  be  Hied  afterward  by  hand,  as  described  later.  When  so  filed  they 
are  better  than  milled  gears  cut  by  other  methods  of  approximation 
which  omit  the  hand  filing. 

In  the  upper  pan  of  Fig.  37  is  shown  a  section  ot  the  gear  in  Fig.  36, 
taken  along  the  pitch  cone  at  PO.    It  will  be  seen  that  the  teeth  at  tbe 
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laige  aod  the  Bmall  ends  rotate  tbe  tooth  agafnet  the  cutter  and  take 
another  cut  until  the  proper  thlckneas  at  either  tbe  large  or  small 
end  has  been  obtained  If  the  thickness  comes  right  at  both  ends  the 
amount  of  set-over  Is  correct.  If  It  is  right  at  the  large  end  and  too 
thick  at  tbe  small  end  the  set-over  is  too  much.  If  It  Is  right  at  the 
small  and  and  too  thick  at  the  large  end  tbe  eet-over  Is  not  enough. 
Tbe  recommended  trial  set-orer  (6  or  6  per  cent  of  thickness  of  the 
tooth  at  tbe  pitch  line  at  tbe  large  end)  will  probably  not  be  enough, 
so  two  or  three  cuts  nlll  have  to  be  taken  on  each  side  of  the  trial 
tooth,  as  described  l>etore  the  proper  amount  Is  found. 
Having  found  the  proper  set-over,  the  cross  feed  screw  Is  eet  to  that 


amount  and  tbe  cut  la  taken  clear  around  tbe  gear.  Then  the  cross 
feed  screw  is  set  to  give  the  same  amount  of  set-over  the  other  side  of 
the  center  line  and  the  work  Is  rotated  until  the  cutter  matches  the 
teeth  spaces  already  cut  at  tbe  small  end  and  Is  run  through  the 
work.  The  tooth  will  generally  be  found  too  thick,  and  the  work 
spindle  is  rotated  still  more  until  the  tooth  Is  of  tbe  proper  thick- 
ness, when  tbe  gear  la  again  cut  clear  around  on  this  second  cut. 

The  number  of  boles  tt  was  necessary  to  move  the  Index  pin  on  tbe 
dividing  plate  circle  between  the  first  and  tbe  second  cuts  to  get  tbe 
proper  thickness  of  tooth,  should  be  recorded.  On  succeeding  gears  It 
wilt  thus  only  be  necessary  to  take  a  first  cut  clear  around  with  tbe 
work  set  over  by  the  required  amount  on  one  side  of  the  center  line, 
and  then  a  second  cut  aronnd  with  tbe  work  set  orer  on  the  other 
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Bide  o[  the  center  line,  and  rotate  the  Index  crank  the  number  of  holes 
necessary  to  give  the  proper  thickness  of  tooth. 

It  will  be  noted  that  the  shifting  of  Che  blank  by  the  index  crank  is 
only  used  for  bringing  the  thickness  of  tooth  to  ttie  proper  dimension. 
In  some  cases,  particularly  In  gears  of  flne  pitch  and  large  diameter. 
this  adjustment  will  not  be  fine  enough — that  is  to  say,  one  hole  In  the 
index  circle  will  give  too  thick  a  tooth  and  the  next  one  too  thin  a 
tcotb.  To  subdivide  the  space  Iwtween  the  holes,  the  little  device  shown 
In  Fig.  3S  may  be  used.  This  Is  mounted  with  the  central  plug  enter- 
ing the  nearest  hole  in  the  outer  row  of  circles  in  the  index  plate. 
The  little  disk  may  be  rotated  to  bring  any  one  of  the  holes  in  the 
spiral  row  In  line  with  the  stop  pin  in  the  dividing  head.  A  number 
of  Bubdlvisions  of  the  outer  row  of  circles  is  thus  provided.  The  plug 
in  the  disk  does  not  enter  the  hole  far  enough  to  interfere  wUh  the 
pitch  line  converge,  but  meet  at  a  point  considerably  bejond  the  vertex 
0.  What  we  have  to  do  is  to  move  the  cutter  ott  the  canter,  so  that 
it  will  cut  a  groove  one  side  of  which  would  pass  tbrougb  O  if 
extended  that  far.  The  amount  by  which  the  cutter  is  set  off  the  center 
is  known  as  the  "set-over."    We  may  take,  tor  instance,  for  trial  a  set- 


over  equal  to  G  or  6  per  cent  of  the  thickness  of  the  tooth  at  the  large 
eni.  Move  the  face  of  the  trial  tooth  away  from  the  cutter  by  the 
amount  of  this  trial  set-over,  having  first,  of  course,  run  the  cutler 
back  out  of  the  tooth  space.  Now  rotate  the  dividing  head  spindle  to 
bring  this  tooth  face  back  to  the  cutter  again,  stopping  it  where  the  * 
cutter  will  about  match  with  the  Inner  end  of  the  space  previously  cut. 
Take  a  cut  through  In  this  position. 

Next  index  the  work  lo  bring  the  cutter  Into  the  second  tooth  space 
and  move  the  biank  over  to  a  position  the  ether  side  of  the  central 
position  by  an  amount  equal  to  the  same  set-over,  thus  moving  the 
opposite  face  of  tbe  trial  tooth  away  from  the  cutter.  Rotate  the 
dividing  head  apindle  again  to  bring  this  face  toward  tbe  cutter  until 
the  latter  matches  the  central  space  already  cut  at  the  Inner  end  of 
tbe  teeth.     Take  the  cut  through  in  this  position. 

Now  with  vernier  gear  tooth  calipers  or  with  fixed  gages  machined 
to  tbe  proper  dimensions  measure  the  thickness  of  the  tooth  at  the 
pitch  line  at  both  large  and  small  ends  (the  values  for  the  addendum 
anC  the  thickness  of  the  pitch  line  at  both  ends  of  the  totlh  are  given 
by  rules  5.  S.  10  and  11).     It  the  thickness  Is  too  great  at  both  the 
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plunger  on  the  Index  crank.  Many  Index  heads  are  provided  with  h 
fine  adjustment  which  makes  this  device  unnecessary.  Every  manutac' 
turer  should  provide  such  an  adjustment. 

In  large  gears  It  is  best  to  take  the  central  cuts  shown  In  Fig.  36 
clear  around  every  blank  before  proceeding  with  the  approximate  cuts. 
This  glveB  the  elect  of  roughing  and  flniahlng  cuts,  and  produces  more 
accurate  gears.  The  ceutral  cuts  may  be  made  tn  a  separate  operation 
with  a  roughing  or  stocking  cutter  It  desired.  It  might  also  be  men- 
tioned that  It  Is  common  practice  to  turn  up  a  wooden  blank  for  mak- 
ing the  trial  cuts  shown  In  Figs.  36  and  37,  to  avoid  the  danger  of 
spoiling  the  work  by  mistakes  In  the  cut-and-try  process. 
Filing  the  Teeth 

The  method  of  cutting  bevel  gears  just  described  requires  the  filing 
of  the  points  ct  the  teeth  at  the  small  end.    This  can  be  done  "by  the 


eye"  very  skillfully  when  the  workman  Is  used  to  It.  The  operation 
consists  in  filing  off  a  triangular  area  extending  from  the  point  of  the 
tooth  at  the  large  end  to  th^  point  at  the  small  end.  thence  down  to  the 
pitch  line  at  the  small  end  and  back  diagonally  to  the  point  at  the 
large  end  again.  This  is  shown  in  Fig.  40  by  the  shaded  outline. 
Enough  is  taken  off  at  the  small  end  of  the  tooth  so  that  the  edges 
of  the  teeth  at  the  top  appear  to  converge  at  vertex  O. 

The  bevel  gears  may  be  tested  for  the  accuracy  of  the  cutting  and 
flling  by  mounting  them  In  place  in  the  machine  and  revolving  them 
at  high  speed,  or  by  mounting  them  In  a  testing  machine  made  for 
the  purpose.    The  marks  of  wear  produced  by  running  them  together 
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under  preseure,  with  the  back  faces  flusb  with  each  other,  should 
extend  the  whole  length  of  the  tooth  at  the  pitch  line.  If  It  does  not, 
the  amount  of  set-over  allowed  fn  cutting  them  was  at  fault,  being  too 
little  it  they  bear  heavily  at  the  large  endB,  and  too  much  If  they 
bear  heavily  at  the  small  ends.  The  bearing  area  should  also  be  fairly 
evenly  distributed  over  tbe  sides  of  the  teeth  above  the  pitch  line. 
from  the  large  to  the  small  end-.  If  it  is  not  the  BHng  Is  at  f&uk 
The  marks  of  wear  will  not  extend  far  below  the  pitch  line  in  a  pinion 
of  few  teeth. 

It  is  possible  to  get  along  without  filing  b;  decreasing  the  amount    . 
of  set-over  so  as  to  make  the  teeth  too  thin  at  the  pitch  line  at  tbe 
small  end,  when  they  are  of  the  rlgbt  thickness  at  the  large  end.    This 
does  not  give  quite  as  good  running  gears,  however,  as  when  the  method 
Juet  described  Is  followed. 

CuttliiB  Bevel  Oears  on  tbe  Automatic  Gear  Cut  tins  Uacblna 

The  directions  for  cutting  bevel  gears  on  the  milling  machine  apply 
In  modified  form  to  tbe  automatic  gear  cutting  machine  as  well.  Tbe 
set-over  Is  determined  In  the  same  way.  but  Instead  of  moving  tbe 
work  oft  center,  the  cutter  spindle  Is  adjusted  axlally  by  means  pro- 
vided far  that  purpose.  Some  machines  are  provided  with  dials  for 
reading  this  movement,  Tbe  cutter  Is  first  centered  as  in  the  milling 
machine,  and  then  shifted — first  to  the  right,  and  then  to  the  left  of 
this  central  position. 

Tbe  rotating  of  the  work  to  obtain  the  proper  thickness  of  tooth  is 
effected  by  unclutchlng  the  indexing  wonn  from  its  shaft  (means 
usually  being  provided  for  this  purpose)  and  rotating  tbe  worm  until 
the  gear  is  brought  to  proper  position.  Otherwise  the  operations  are 
the  same  as  for  the  milling  machlne- 

Tbe  Brown  ft  Sharpe  Co.  recommend  a  somewhat  different  angle 
setting  for  the  gear  from  that  shown  in  Fig.  9.  as  giving  more  nearly 
the  true  form  of  tooth  than  that  we  have  described,  and  thus  requiring 
less  filing.  In  this  case  tbe  cutting  angle  Is  determined  by  sutistracting 
the  addendum  angle  from  tbe  pitch  cone  angle,  instead  of  by  sub- 
tracting the  dedendum  angle  as  In  Rule  15.  In  other  words,  the  clear- 
ance at  the  bottom  of  tbe  tooth  is  made  uniform,  as  shown  in  Fig.  40, 
instead  of  tapering  toward  the  vertex.  Aside  from  the  tact  that  tbe 
head  Is  set  at  a  ditterent  cutting  angle,  no  change  In  procedure  from 
that  described  la  necessary. 
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CHAPTER    I. 


GRINDING-   AND    GRINDINQ    MACHINES. 

The  development  of  tbe  grinding  macbine  bas  made  rapid  progresB 
during  tbe  last  few  years,  and  tbe  procesB  of  srtndlng  1b  more  aad 
more  recognized  aa  liavlng  botb  economical  and  technical  advantages, 
aa  compared  witb  the  old  methods  of  obtaining  Onlsh.  This  is  espe- 
cially true  regarding  plain  cylindrical  grinding,  and  tbU  Is  due  chiefly 
to  tbe  fact  that  tbe  machines  for  this  kind  of  grinding  are  easier  to 
build,  and  in  general  more  efficient,  than  machines  for  other  Icfnds  of 
grinding. 

It  bas  often  been  claimed,  by  people  who  have  bad  long  and  thorough 
experience  In  regard  to  this  suhject,  and  whose  testimony,  therefore, 
must  be  considered  as  having  weight,  that  time  can  be  saved  in  finish- 
ing a  cylindrical  piece  of  work  by  taking  a  roughing  cut  with  an  ordi- 
naiT  cutting  tool,  leaving  about  from  0.008  to  0.010  inch,  and  grinding 
oB  thla  amount.  Instead  of  taking  a  second  cut  in  the  lathe,  and  flnleb- 
Ing  the  piece  by  filing.  One  great  advantage  of  the  grinding  machine 
la  the  cloaer  finish  ttiat  can  be  obtained. 

In  some  special  cases,  when  the  steel  to  be  finished  is  bo  hard  that 
it  cannot  be  cut  by  means  of  a  cutting  tool,  the  grinding  machine 
baa  to  take  the  place  of  the  lathe  entirely.  Of  course,  the  work  in  this 
case  cannot  be  done  so  cheaply  as  in  tbe  case  of  ordinary  kinds  of 
steel,  but  sttll  It  can  be  done  with  fair  economy.  Aa  the  piece  la 
taken  entirely  rough  and  put  up  in  the  grinding  macbine.  there  is, 
considering  the  errors  in  casting,  about  1/8  inch  up  to  3/16  inch  on 
the  diameter,  that  has  to  be  ground  olT.  When  so  large  en  amount 
of  raetal  has  to  l>e  removed  by  grinding,  another  problem  than  that 
dealt  with  when  only  O.OOS  to  0.010  inch  has  to  be  ground  off  presents 
Itself.  Tbe  writer  at  one  time  designed  three  special  grinding  ma- 
chines, two  for  external  and  one  for  internal  work,  all  for  very  heavy 
duty.  Herein  are  given  a  few  of  tbe  conclusions  arrived  at  white 
designing  these  machines.  Being,  as  mentioned,  mostly  used  tor 
heavy  grinding,  the  machines  may  dlfler  some  from  the  common  light 
grinding  machines,  but  the  principles  remain.  In  general,  the  same. 

Any  machine  tool  must,  of  course,  be  designed  heavy  enough  not 
only  to  take  all  the  strains  produced  by  the  action  of  the  cutting 
tool  or  wheel,  but  to  prevent  all,  or  nearly  all,  vibration  and  chattering 
ot  the  macbine  itself.  "Tbls  is  true  of  the  grinding  macbine  more 
.  than  ot  any  other  machine  tool.  Rigidity  Is  a  very  important  factor 
in  tbe  efficiency  of  the  machine,  both  in  regard  to  heavy  grinding  and 
grinding  for  very  exact  sizes  and  high  finish. 
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InflueBoe  of  Vibratlona  on  Action  of  OriDdlas  U  ftoblnea. 
The  grinding  wheel  rotating  at  a  btgh-ftpeed  tends  to  Jar  its  bear- 
ings and  Bupports.  VIbratlonB  of  this  kind  would  result  In  an  oeclllat- 
Ing  motion  of  the  grinding  wbcel  perpendicular  to  Us  own  axis  of 
rotation  and  along  the  line  connecting  the  center  of  work  with  the 
center  of  tbe  wheel.  The  frequency  of  these  vibrations  depends 
entirely  upon  tbe  weight  of  the  oscillating  parts.  The  cause  ot  tbo 
Tlbratlons  Is  that  tbe  center  of  gravity  of  the  rotating  parts,  grinding 
wheel,  shaft,  pulley,  etc..  Is  not  entirely  tbe  same  as  tbe  center  line 
ot  rotation.  This  is  partly  due  to  the  uneven  structure  of  the  mate- 
rial. It  la  very  plain  to  everybody,  that  tbe  oscillating  grinding 
wheel  cannot  cut  to  Its  full  capacity.    Tbe  length  of  tbe  oeclUatlons 


Dtotneter;                            R.  p   M.  for 

R.  p.  M    (or 

>f  Wheel,                                Surface  Speed 
Inches.                                     of  6.000  feel 

Sarface  Speed 
of  e,l(»  icel 

1                                      19,099 

22.918 

2                                   9.549 

11.459 

4                                        4.775 

5,730 

6                                   3.1  S3 

3,820 

8                                  -     2,387 

2.865 

10                                   1,910 

2.292 

12                                   1,592 

1.910 

14                                       1.364 

1.837 

16                                        1,194 

1,432 

18                                   1.061 

1.273 

20                                          955 

1,146 

24                                      796 

955 

30                                      63- 

764 

an  inch  or  a  frac- 

reof,  bnt  the  cut  will  be  Just  so  much  deepei 

'  one  moment  than 

might 

tion  th 

tbe  next  following.    Only  at  one  moment,  when  the  wheel  is  furthest 

In,  will  It  cut  to  Its  full  capacity. 

It  ie  very  Important,  In  order  to  secure  nice  running  of  the  wheel, 
to  have  tbe  belts  in  good  order,  and  to  have  the  boxes  closely  adlusted, 
even  though  they  run  a  trifle  warm.  Because  of  the  high  speed  of 
the  shaft,  the  boxes  ought  to  be  made  With  ring-oiling  devices.  Tbis 
would  allow  a  closer  adjustment,  and  secure  a  better  running  of  the 
shaft.  However,  as  far  as  the  writer  knows,  there  are  no  grinding 
machines  on  the  market  equipped  with  ring-oiling  boxes.  The  slides 
should,  tor  tbe  same  reason  as  the  boxes,  be  adjusted  closely,  even 
though  they  slide  hard. 

Speed  of  Orlndln^  Wheels. 

The  peripheral  Bpe«d  of  the  grinding  wheel  should  be  approximately 
from  5,000  to  5,500  feet  per  minute.  There  are  occasionally  cases  when 
higher  speed  is  desirable,  but  with  higher  speed  there  is  danger  ot 
the  wheel  breaking.  Tbe  wheel  should,  however,  never  be  run  slower 
than  5,000  feet  per  minute,  because  it  becomes  less  etllcient  at  slower 
speeds. 

Above  will  be  found  a  table  which  gives  the  number  of  revolutions 
per  minute  for  specified  diameters  ot  wheels  to  cause  tbem  to  ran 
at  tbe  respective  periphery  rates  of  5.000  and  6.000  teet  per  minute. 
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Experience  bas  Bhown  that  for  grinding  work  with  fairly  large  diam- 
eter, better  results  are  obtained  by  using  a  comparatively  small  wheel 
than  by  using  one  wltb  too  large  a  diameter.  The  explanation  cf  this 
fact  is  that  the  wheel  of  smaller  diameter  clears  itself  faster  from  the 
work,  while  the  larger  one  has  a  larger  contact  surface,  and,  there- 
fore, the  speclOc  pressure  between  wheel  and  work  becomes  reduced, 
and  the  metai  removed  by  the  wheel  etays  too  long  a  time  between 
the  wheel  and  work,  and  prevente  the  particles  of  the  wheel  from 
cutting  properly  Into  the  work.  The  peripheral  speed  must,  however, 
be  the  same  for  the  smaller  wheel  as  for  the  larger  one. 
Sur&ce  Speed  of  Work. 

The  proper  surface  speed  of  the  work  varies  somewhat  with  the 
material  and  kind  of  work  to  be  done.  The  grinding  machine  build- 
ers recommend  IE  to  30  feet  as  a  good  average  speed  range  for  ordi- 
nary kind  of  work.  For  cast  Iron  this  can  be  slightly  increased.  The 
writer  has  had  experience  In  grinding  a  very  tough  and  hard  steel 
(manganese  steel),  and  has  found  the  right  surface  speed  In  this 
special  case  to  be  as  low  as  6  to  8  feet  a  minute  for  rough  grinding. 
For  finishing  grinding,  the  speed  should  be  somewhat  higher  than 
for  rough  grinding.  For  delicate  work  the  speed  should  be  slow, 
because  the  work  could  easily  be  damaged  by  forced  grinding. 

As  a  general  rule,  for  determining  the  surface  speed  for  a  certain 
kind  o(  material,  one  can  say  that  a  brittle  material,  as  cast  kon, 
takes  a  high  speed,  while  a  tough  and  hard  material,  as  the  best  tool 
steel,  takes  a  alow  speed.  For  grinding  close  to  size  and  for  high 
finish,  the  depth  of  the  cut  must  be  small,  and  higher  surface  speed 
can  consequently  be  used. 

Many  of  the  grinding  machines  on  the  market  are  built  so  as  to 
have  the  work  revolving  on  two  dead  centers.  This  is  done  more 
for  the  sake  of  being  able  to  obtain  accuracy  than  for  the  sake  of 
increasing  the  cutting  efficiency  of  the  machine. 

Traverae  Speed  of  Orinding  Wheel. 

The  traverse  speed  of  the  grinding  wheel  should  tor  ordinary  grind- 
ing be  three-fourths  of  the  width  of  the  wheel,  that  Is,  tor  one  revo- 
lution of  the  work  the  wheel  should  travel  three-fourths  of  the  width 
of  the  face.  If  the  wheel  be  traversed  slower,  the  new  cut  Is  over- 
lapping the  old  one  more  than  necessary,  and  too  large  a  part  of  the 
wheel  is  idle.  It  is,  however,  necessary  that  the  new  cut  overlaps  the 
old  one  with  about  one-fourth  of  the  width  of  the  face,  because  the 
edges  of  the  face  easily  become  rounded  off,  and,  If  the  travel  be  too 
rapid,  the  result  Is  an  uneven  surface. 

The  capacity  of  the  wheel,  within  certain  limits,  of  course,  is  pro- 
portional to  the  width  of  the  face.  A  certain  specific  pressure  between 
wheel  and  work  is  required  for  the  highest  cutting  capacity.  A  wider 
wheel  requires  consequently  a  larger  total  pressure.  But  many  of 
the  machines  now  on  the  market  are  not  rigid  nor  heavy  enough  to 
stand  the  pressure  needed  for  a  fairly  wide  wheel,  cutting  at  full 
load,  without  vibration  and  chatter.    The  grinding  machines  c 
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market  have  not,  in  the  writer's  opinion,  yet  reached  their  full  capac- 
ity. Wider  wheels  should  be  used,  and  the  machines  be  designed  and 
built  heavier  in  order  to  take  the  load  of  the  cutting  wheel,  without 
perceptible  vibration  of  the  machine. 

For  the  flnal  smooth  finish,  a  slower  traverse  speed  should  be  used, 
especially  if  the  face  of  the  wheel  is  not  kept  a  perfectly  straight  line. 
A  smoother  surface  is  obtained  by  using  a  slower  traverse  speed. 
The  part  of  the  wheel  nhfch  is  overlapping,  while  theoretically  it  does 
not  cut,  still  wears  away  the  unevenness  left  from  the  first  cut.  and, 
by  this,  to  some  extent  polishes  the  surfaces. 

While  grinding  a  plain  cylindrical  piece  of  work,  the  grinding 
wheel  should  not  be  allowed  to  travel  too  far  past  the  ends  of  the 
piece  before  reversing;  it  is  only  waste  of  time.  The  wheel  should 
be  reversed  when  three-fourths  of  Its  width  is  past  the  end  of  the 
work. 

Depth  at  Cut. 

The  depth  of  the  cut  to  he  taken  depends  upon  the  material,  kind 
of  wheel,  and  the  work  done.  It  should  be  deep  enough  to  permit  the 
wheel  to  do  its  utmost  This  is,  of  conrse,  true  only  atraut  pieces 
that  are  rigid  enough  to  stand  a  heavy  cut  The  grinding  operator 
himself  will  have  to  determine  the  depth  of  cut  for  each  individual 
case.  Judging  It  by  the  prevailing  conditions  of  work,  machine,  and 
wheel. 

When  the  piece  to  be  ground,  owing  to  the  hardness  of  the  material, 
cannot  be  roughly  finished  by  a  cutting  tool  before  being  placed  in 
the  grinding  machine  for  the  final  finish,  there  Is  often  up  to  3/16  inch 
on  the  diameter  to  be  removed  by  grinding.  Gmploying  the  same 
principle  as  when  the  piece  Is  previously  to  the  grinding  operation 
roughly  turned  In  a  lathe,  the  work  should  first  be  put  up  in  a  machine 
equipped  with  a  coarse  and  wide  grinding  wheel.  A  wheel  of  this 
kind  Is  capable  of  removing  stock  rapidly.  The  piece  should  be  fin- 
ished to  within  0.005  Inch  of  the  finished  diameter  in  this  machine, 
and  then  moved  to  a  machine  equipped  with  a  finer  grain  wheel, 
and  the  final  finish  given  to  it 

The  OrlDdtns  Wheel. 

For  heavy  grinding,  the  alundum  wheel  Is  the  l>est  for  removing 
stock  rapidly.  The  carborundum  wheel  wilt  give  a  smoother  finish, 
and  is  to  be  recommended  for  the  iarge  majority  of  other  classes  of 
grinding.  Emery  la  less  abrasive,  but  gives  a  higher  polish.  Most 
grinding  wheel  manufacturers  recommend  their  medium  grade.  If. 

The  question  as  to  what  is  the  very  best  wheel  for  finishing  any 
particular  piece  cannot  be  deflnlteiy  answered.  On  the  next  page  is 
given  a  table  of  wheels  which  can  with  advantage  be  used  in  the  cases 
mentioned.  This  table  ie  recommended  by  one  of  the  largest  grinding 
machine  manufacturers. 

Qrit  No.  24  may  be  too  coarse  tor  tmy  but  rough  classes  of  work, 
but  If  mixed  with  No.  36  it  gives  a  fair  result.    No.  30  used  sepa- 
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ratel7  1"  capable  of  a  very  talr  commercial  flnlah,  but  if  mixed  with 
No.  46  vlll  KiTc  aa  fine  a  flnieh  as  is  desired  bf  the  majority  of  the 
grinding  machine  users,  and  at  the  same  time  it  retains  the  rapid 
cutting  capacity.  Nob.  46  and  60  ore  as  One  as  Is  necessary  lor  almost 
any  manufacture,  although  finer  than  these  are  used  by  some  concerns 
who  require  a  very  hlgb  gloss  finish. 

A  satisfactory  grinding  wheel  is  an  important  factor  in  the  produc- 
tion of  good  worlt.  In  machine  grinding,  It  Is  desirable.  In  order  that 
the  cut  may  be  constant,  and  give  the  least  possible  pressure  and  heat, 
to  break  away  the  particles  of  the  wheel  after  they  have  become  dulled 
by  the  act  of  grinding.  It  Is  the  faculty  of  yielding  to  or  resisting 
the  breaking  out  of  the  particles  which  Is  called  grade.  The  wheel 
from  which  the  particles  can  be  easily  broken  out  Is  called  soft,  and 
the  one  that  retains  its  particles  longer  is  called  hard.  It  is  evident 
that  the  longer  the  particles  are  retained  the  duller  they  will  become, 
and  the  more  pressure  will  be  required  to  make  the  wheel  cut.  Retain- 
ing the  particles  too  long  causes  what  Is-famlUarty  known  as  glazing. 
A  wheel  should  cut  with  the  least  possible  pressure,  to  effect  which 
it  must  always  be  sharp.    This  Is  maintatned  by  the  breaking  ont  of 
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24  to  60 
24  to  eo 
80  to  86 


Medium. 

Two  or  three  grades  softer 

than  medium. 
Medinm  or  one  grade  softer. 
Medium  or  several  grades 

softer. 


particles.  Therefore,  a  wheel  of  proper  grade  cutting  at  a  given 
speed  of  the  work  possesses  "sizing  power."  or  ability  to  reduce  its 
size  uniformly  without  breaking  away  Its  own  particles  too  rapldlyi 
obTiously  If  the  work  Is  revolved  at  a  higher  speed,  the  particles  will 
be  torn  awaf  too  fast,  and  the  wheel  will  lose  its  sizing  power. 

Tbo  properties  of  toughness  and  hardness  of  the  material  to  be 
ground  has  a  retarding  Infiuence  on  the  grinding  because  11  makes 
the  material  stick  to  or  clog  the  wheel.  The  ground-off  material.  In- 
stead of  being  thrown  away  from  the  wheel  by  the  centrifugal  force, 
gets  In  between  the  particles  of  the  grinding  wheel.  It  Is  self-evident 
that  this  has  a  greatly  retarding  effect  on  the  cutting  quality  of  the 
wheel.  A  brittle  material,  an  the  contrary,  does  not  have  the  tend- 
ency of  clogging  the  wheel,  but  the  stock  ground  on  is  Immediately 
thrown  away  from  the  wheel,  leaving  the  particles  free  to  cut  without 
the  retarding  action  of  undue  friction,  and  generation  of  more  than 
the  due  amount  of  heat.  If  we  take  Into  consideration  only  these 
protMrtles  of  the  material  to  be  ground,  the  tough  or  leady  material 
requires  a  soft  wheel,  because  the  particles  must  break  away  fast 
enough  to  prevent  the  wheel  from  being  clogged.  In  this  case,  the 
particles  do  not  wear  enough  to  become  dull,  but  must  break  away 
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before  tbis.  Wben  grinding  a  brittle  or  hard  material,  on  tbe  con- 
trary, the  wheel  Is  leas  liable  to  be  clogged,  the  particlea  do  not 
need  to  break  away  bo  soon,  and,  therefore,  a  barder  wbeel  should  be 
used.  However,  the  wheel  muat  not  be  bo  hard  that  the  particles  get 
too  dull  and  become  inefficient  as  cutting  agents  betore  they  break 
away. 

Importance  or  Wli«e   Bunnlng  True. 

In  order  to  obta  n  the  fu     efficiency  of  the  grinding  wheel,  it  mntt 

be  run  pe  feet  y  true    that    s    cut  evenly  all  the  way  around.    The 

grinding   wbeel   detects    ts  own   errors     A  slight  difference    In    the 


sparks  indicates  that  the  wheel  Is  out  of  true.  Tbe  eccentric  wheel  has 
about  the  same  kind  of  action  aa  the  one  which  Is  vibrating  because  of 
too  weak  supports.  Furthermore,  the  edge  of  the  grinding  wheel 
should  be  kept  perfectly  straight.  If  the  edge  be  curved,  however 
slightly,  a  curved  cut  will  be  the  consequence.  Many  grinding  ma- 
chines give  Inefficient  results  because  the  edge  of  the  wbeel  is  not  kept 
in  a  true  straight  line.  The  operator  seldom  appreciates  the  great  im- 
portance of  tbis.  and,  therefore,  the  foreman  should  watch  the  men 
closely  in  regard  to  this  point. 

Tho  best  tool  (or  truing  the  wheel  Is  the  diamond,  but,  this  being 
rather  expensive  for  shope  where  not  very  much  grinding  is  done,  the 
usual  emery  wheel  dresser  can  be  used  to  good  advantage.  In  tni> 
Ing  the  wheel,  the  dressing  tool  should  be  kept  stationary  and  rigidly 
supported,  and  the  wbeel  should  be  traversed  back  and  forth,  antll  a 
true  edge  is  obtained.  IHg,  1  shows  a  Bxture  and  arrangement  for 
wheel  truing  with  a  diamond. 


Goot^lc 


GRINDING  MACHINES  » 

Wvt  Mid  Dry  Bxtem*!  arindlnff. 

Nearly  all  plain  crlindrlcal  grlndlnB  1b  now  done  wet.  There  are 
many  reasoDS  why  the  wet  method  U  to  be  preferred  to  the  dry.  Be- 
cause of  the  friction  between  the  grinding  wheel  particles  and  the 
work,  aa  well  aa  between  the  cnt-off  material  before  It  leaves  the  wheel 
and  the  work,  more  or  leaa  heat  is  generated.  It  this  heat  la  not 
carried  away,  the  work  will  be  burned.  Bealdes,  the  edge  of  the  grind- 
ing wheel  would  be  highly  heated,  but  the  center  would  atlU  remain 
comparatively  cool,  and  the  outside  would  expand  and  there  would  be 
danger  of  the  wheel  breaking.  It  is  found  that  the  water  has  a  Mft- 
ening  effect  upon  the  wheel,  therefore  a  harder  wheel  Is  required  (or 
wet  grinding  than  for  dry. 

Maohlnea  with  Two  Orindlnr  Wheels. 

The  grinding  machines  on  the  market  are  equipped  with  only  one 
grinding  wheel,  but  there  la  no  reaaon  why  two  grinding  wheels  can- 
not bo  employed  to  advantage.  In  this  case  one  wheel  is  to  operate 
on  each  side  of  the  work.  As  both  of  the  wheels  are  to  throw  the 
■parks  and  the  water  down,  one  of  the  wheels  has  to  cut  with  the 
revolving  of  the  work,  that  fe,  the  peripheries  of  the  wheel  and  the 
work  are  going  downwards.  This  is.  of  course,  not  the  ideal  condi- 
tion, but,  when  the  work  Is  revolving  at  a  slow  peripheral  speed,  there 
Is  not  much  difference  In  the  cutting  capacity  of  the  two  wheels. 

It  Is  self-evident  that,  when  employing  two  wheels,  one  at  each  aide 
of  the  work  and  just  opposite  each  other,  the  traverse  speed  of  the 
wheels  must  be  twice  as  fast  as  in  the  case  of  only  one  wheel,  or  three- 
fourths  of  the  width  of  the  wheel  for  one-half  revolution  of  the  work. 
Otherwise  one  wheel  will  overlap  the  cut  of  the  other. 

The  two  machines  for  external  grinding  which  the  writer  designed, 
have  two  wheels  working  according  to  the  principle  previoualy  de- 
scribed. Fig.  2  gives  an  idea  of  the  arrangement  used  <m  one  of  tbeee 
machines.  The  principal  features  of  the  design  can  be  studied  direct 
frton  the  Illustration  without  any  further  comments. 

One  new  feature  of  these  machines  is  that  each  grinding  wheel  la 
driven  Independently  by  a  motor.  This  mctor  Is  mounted  above  the 
wheel  spindle,  and  Is  belted  directly  to  same.  Special  attention  has 
been  paid  to  designing  the  support  of  the  motor  in  order  to  prevent 
the  vibrations  of  the  motor  from  being  tranaferred  to  the  grinding 
wheel. 

Internal  Orlndlns. 

The  development  of  Internal  grinding  Is  not,  by  far.  so  advanced 
as  that  of  external  grinding.  To  be  sure,  there  are  a  tew  machines 
and  flxtures  on  the  market  that  are  designed  and  built  for  th*  internal 
grinding  of  holes  of  various  kinds,  but  the  machines  suffer  from  tack 
of  rigidity,  and  some  of  the  most  conscientious  grinding  machine 
builders  do  not  recommend  them  very  highly,  but  admit  their  Ineffl- 
ciency  for  removing  any  ccmparatlvely  large  amount  of  stock.  It  has 
even  gone  so  far  that  one  man  holding  a  prominent  position  with  o 
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of  the  largest  grinding  machine  manufacturing  concerna  In  tbe  country 
has  Bald,  that  In  hla  opinion,  the  internal  grinding  machine  is  a  mis- 
take from  start  to  finish,  and  that  it  will  never  be  made  a  success. 

This  state  of  affairs  has  not  come  about  without  good  reason.  As 
we  already  have  seen,  the  rigidity  of  the  arrangement  for  supporting 
the  grinding  wheel  U  a  very  important  factor  for  ail  efllcienl  grinding. 
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But  the. internal  grinding  machine  does  not  very  veil  lend  Itself  to 
the  employoieat  of  any  rigid  and  heavy  fixtures,  and  tbe  grinding 
wheel  must  neceBsarily  be  ematl.  and  therefore  lacks  the  strengtb  to 
stand  a  heavy  cut  The  designer,  when  designing  the  flxturei  for  In- 
ternal grinding,  has  an  entirely  different  problem  to  solve  than  when 
designing  those  tor  external  grinding,  where  it  Is  comparatively  easy 
to  obtain  ample  rigidity.  The  Internal  grinding  wheel  must  be  mounted 
at  tbe  end  of  a  small  spindle  which  projects  past  tbe  bearing  tar  enough 
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to  enable  the  wbeel  to  reach  past  the  end  of  the  hole  to  be  ground. 
Such  a  spindle  rotating  at  a.  high  speed  Is  lial}le  to  vibrate,  especially 
if  pressure  be  applied  at  the  end  ot  It,  as  Is  here  the  case. 

SometimeB,  however,  tt  becomes  absolutely  necessary  to  grind,  tn- 
temallT,  even  a  comparatively  large  amount  of  stock.  This  is  the 
esse,  when  finishing  manganese  sleel,  this  material  being  bo  bard 
that  it  cannot  be  cut  b]'  any  kind  of  tool  steel.  Take  the  esse  of 
bores  of  manganese  steel  car  wheels.  As  the  grinding  of  the  bores 
must  be  done  without  any  stock  having  previously  been  removed  from 
the  rough  casting,  on  the  average  about  one-eighth  Inch  of  metal  must 
be  ground  off  from  the  hole.  All  the  errors  in  the  cored  hole,  as  eccen- 
tricity in  reference  to  the  circumference  of  the  wheel,  etc.,  must  be 
corrected  by  grinding.  A  hole  cored  In  a  manganese  steel  casting 
is  always  comparatively  much  rougher  than  a  hole  cored  la  cast  iron, 
and  all  this  must  be  taken  into  consideration,  when  determining  the 
amount  of  stock  to  leave  for  the  grinding  process. 

DesUrn  of  Heads  for  Internal  Grinding. 

The  fixture  used  In  the  internal  grinding  machine  designed  for  grind- 
ing these  wheels  Is  shown  in  Fig.  3.    Internal  grinding  fixtures  gen- 
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erally  have  a  long  extension  bearing,  as  sbown  in  Fig.  4.  This  serves 
to  support  the  Bptndle  as  near  to  the  grinding  wheel  as  possible;  but 
the  diameter  at  the  root  of  this  extension,  that  is,  nearest  to  the  box, 
cannot  exceed  the  diameter  ot  the  grinding  wheel. 

The  spindle,  shown  in  Fig.  3,  Is  made  solid,  and  has  the  largest 
diameter  possible  for  the  size  of  the  grinding  wheel.  An  incressed 
amount  of  rigidity  and  a  greatly  Increased  simplicity  Is  gained  by  this 
design. 

When  working,  the  grinding  wheel  produces,  especially  In  dry  grind- 
ing, very  much  dust.  When  Inside  a  hole  the  dust  cannot  very  easily 
get  away,  but  whirls  about  In  the  hole.  If  the  spindle  has  a  bearing 
near  lo  the  grinding  wheel,  the  dust  will  And  Its  way  Into  the  Journal. 
This  drawback  Is  entirely  eliminated  by  having  a  large  solid  spindle 
without  a  bearing  near  to  the  grinding  wheel. 

As  to  the  relation  between  the  overhanging  part  of  the  spindle  and 
the  distsnce  between  centers  of  the  boxes,  there  are  many  factors  that 
come  into  consideration  in  regard  to  this  relation,  such  as  the  design 
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of  the  boxes,  the  diameter  of  the  spindle,  bow  close  the  spindle  can  be 
allowed  lo  run  Id  the  boxes,  etc.  However,  the  distance  between  tbe 
centers  of  tbe  boxes  should  be  made  as  large  as  the  general  design 
conveniently  permits 

Fig  3  shows  at  A.  the  support  tor  the  motor  This  support  Is 
placed  on  the  top  of  the  top  rest  The  driving  pulley  Is  placed  between 
the  hearings  so  that  the  support  could  be  made  as  rigid  se  possible 

It  was  found  by  actual  experience  with  these  fixtures  that  when 
the  grinding  wheel  was  taking  a  fairly  heavy  cut  the  spindle  did  not 
vibrate  nearly  so  much  as  when  the  wheel  was  running  idle  Tbe 
springing  quality  of  the  spindle  and  tbe  pressure  between  work  and 
nheel  made  tbe  wheel  cut  without  any  chattering  worth  mentioning 

Regarding  the  peripheral  speed  of  the  grinding  wheel  what  has  al 
ready  been  said  with  reference  to  external  grinding  Is  equally  appllc 
able  to  Internal  grinding 

Because  of  the  lighter  fixtures  tbe  speed  of  the  work  should  be 
slower  than  for  external  grinding  The  iirlter  has  found  the  right 
cutting  speed  for  hard  and  tough  steel  to  be   for  heavy  grinding  about 


sevMi  feet  a  minute.     For  tbe  finishing,  the  speed  can.  with  advantage, 

he  somewhat  higher.    The  wheel   should   travel  three-fourths  of  its 

width  for  one  revolution  of  the  work,  the  same  as  for  external  grinding. 

Wet  and  Dry  Internal  OrlDdtng. 

One  point  that  has  been  much  discussed  In  regard  to  Internal  grind- 
ing, is  whether  It  shall  be  conducted  wet  or  dry.  Some  grinding  ma- 
chine designers  have  advanced  the  opinion  that  It,  by  all  means,  must 
be  done  dry,  but  others  claim  the  wet  method  to  be  superior.  For 
light  finishing  grinding  one  method  might  be  considered  as  good  as 
the  other,  because  so  small  an  amount  of  heat  is  generated  that  there 
Is  no  danger  of  burning  the  material  or  breaking  tbe  wheel.  But,  for 
heavier  grinding,  a  considerable  amount  of  beat  Is  generated,  and  it 
becomes  necessary  to  carry  It  off  by  water.  At  least,  such  Is  the 
writer's  own  experience  on  this  subject.  At  a  test  recently  conducted 
to  find  out  the  actual  difference  between  dry  and  wet  Internal  grinding. 
It  was  found  that  the  cutting  quality  of  tbe  grinding  wheel  was  about 
the  same  In  both  cases,  but,  with  a  heavy  Uii\  and  dry  grinding,  the 
work  was  highly  heated,  and  the  wheel  bral:e  after  stout  half  an  hour's 
run,  while,  with  wet  grinding,  tbe  wheel  stcod  the  h(avy  cut  continu- 
ously without  brerlUng. 

The  water  can  be  Injected  Into  tbe  bole  lu  a  stream  about  1/16  inch 
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In  diameter.  In  addition  to  carrrlng  away  the  beat,  the  water  serves 
to  wash  awar  the  removed  stock  from  the  hole. 

Teets  have  been  undertaken  on  the  above  mentioned  Internal  grlnd- 
ing  machines,  In  order  to  find  out  the  time  required  to  grind  the 
bores  of  a  certain  kind  of  manganese  steel  car  wheels.  Two  dlOerent 
kinds  of  wheels  were  tested.  The  first  one,  a  20'incb  diameter  wheel, 
had  A  bore  2%  inches  In  diameter  and  5%  Inches  long,  and  it  was  to 
be  ground  for  a  press  fit  The  second  one.  an  IS-inch  diameter  wheel, 
had  i.  bore  Z^  Inches  In  diameter  and  4^  Inches  long,  and  was  also 
to  be  ground  for  a  press  fit.  Pour  wheels  of  each  kind  w«re  ground 
during  the  course  of  the  test,  and  It  was  found  that  the  actual  time 
for  the  grinding  operation,  not  Including  the  time  renuired  for  put- 
ting up  the  work  in  the  machine,  was,  for  the  first  kind  of  wheels  1 
hour  and  23  minutes  tor  all  four,  and  tor  the  second  kind,  I  hour  and 
9  minutes  for  four  wheels.  Considering  that  the  bores  of  the  wheels 
were  not  prevlouslj  turned,  but  entirely  rough,  as  the  wheels  were 
taken  directly  from  the  foundry,  and  considering  the  hardness  and 
toughness  of  the  steel,  the  results  obtained  were  considered  good. 
The  time  of  putting  up  the  work  In  the  machine  was  about  6  to  8 
minutes  for  each  wheel.  As  the  machines  work  automatically,  one 
man  Is  able  to  run  three  macbtnee.  Counting  S  minutes  for  the  pu^ 
ting  up  of  each  wheel,  the  man  is  able  to  grind  one  wheel  of  the  first 
kind  In  30  minutes,  and  one  wheel  of  the  second  kind  in  26  minutes. 

The  work  was  revolved  at  a.  speed  of  7.7  revolutions  per  minute. 
This  makes  a  peripheral  speed,  for  the  first  case,  of  5.S  feet  per  min- 
ute, and  for  the  second  caee,  of  6.6  feet  per  minute.  The  grinding 
wbecl  used  was  a  2-Inch  diameter.  1-lncb  face.  No.  46  grit.  O  grade 
altudnm  wheel.    It  was  mn  at  a  speed  of  4,750  feet  per  mlnnte. 

The  traverse  speed  of  the  work  was  as  high  as  0.84  inch  per  revolu- 
tion of  work.  This  allowed  the  wheel  to  overlap  the  old  cut  by  only 
0.16  Inch,  but.  as  the  grinding  wheel  was  trued  very  carefully,  this  was 
found  to  be  all  that  was  required  for  obtaining  a  nice  smooth  surface. 
The  traverse  feed  was  not  slowed  down,  but  remained  the  same  while 
doing  the  final  finlshliig.  and  a  very  satisfactory  finished  hole  was  ob- 
tained.    The  test  was  made  throughout  with  wet  grinding. 

For  heavy  cylindrical  grinding,  which  has  especially  been  referred  to, 
the  width  of  the  wheel  used  varies  between  H^  and  214  inches,  regard- 
less of  the  diameter.  In  some  epeclal  coses  narrower  wheele  than  1^ 
Inch  are  used,  but  these  special  cases  are  exceptions  to  the  general 
practice,  and  must  be  recognized  as  such  by  the  machine  builders  and 
users.  Although  larger  wheels  are  used,  there  Is  no  doubt  that  the 
best  range  of  diameters  of  wheels  Is  between  12  and  IS  Inches.  For 
how  wide  a  wheel  the  grinding  machine  In  the  future  can  be  designed, 
has  yet  to  be  decided;  but,  wider  wheels  and  heavier  machines  point 
the  direction  of  the  road  which  the  designer  and  machine  builder  should 
follow  for  the  development  of  the  grinding  machine. 
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THE    DISK    QBINDEB. 

In  anr  machine  shop  or  department  of  e.  manufacturing  plant  where 
loolB  for  manufacturing  operations  are  made,  a  properly  designed  and 
equipped  disk  grinder  should  Ik  considered  almost  indispensable.  For 
a  large  portion  of  the  operations  most  commonly  done  with  a  flie. 
'  and  msjiy  that  are  considered  surface  grinder,  milling  machine  or 
shaper  Jotn,  can  be  done  better  and  quicker,  and  at  less  cost  tor  files, 
cutters,  etc..  with  a  disk  grinder. 

As  a  simple  example  we  will  take  the  case  of  a  piece  of  tool  steel 
needed,  say  for  a  box  tool,  a  back  rest,  a  cutter,  or  a  forming  tool,  to  be 
eay,  H  inch  thick,  l  Inch  wide,  2  Inches  long,  ends  and  sides  straight 
and  square  all  around.  Probably  the  bar  sleel  ^  Inch  X  1  Inch  will 
be  enough  oversize  to  grind  on  a  diBk  to  exact  size,  but  not  enough 
overtize  to  work  with  a  milling  machine,  ehaper  or  surface  grinder.  ' 
Even  If  larger  stock,  say  5-16  inch  X  1"^  inch,  or  a  forging,  is  used. 
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It  IB  only  necesBary  to  rough  one  flat  Bide  and  one  tdge  down  fairly 
close  to  size  and  finish  all  over  on  a  dlek  grinder.  For  squaring  the 
ends  of  one  piece  tike  this,  and  bringing  It  to  exact  length,  tbe  saving 
Id  time  over  the  common  way  is  considerable.  Suppose  this  piece 
has  Id  be  hardened,  and  after  hardening  must  fit  a  certain  space. 
It  will  need  truing  up  after  hardening,  and  here  again  the  disk  grinder 
proves  its  adaptability. 

Regarding  tbe  degree  of  accuracy  obtaloable  with  a  disk  grinder,  an 
example  may  be  of  interest.  An  experienced  tool  maker  was  with  an 
exhibit  cf  disk  grinders  at  a  fair.  Having  plenty  of  time  on  biB  hands, 
he  employed  a  part  of  it  in  grinding  up  six  steel  pieces,  each  a  one- 
Inch  cube.  He  got  tbe  pieces  planed  roughly  in  tbe  bar,  a  little  over- 
size, and  sawed  oH  a  little  long.  On  his  spare  time  he  ground  them 
to  one-inch  cubes,  measuring  them  with  a  1-Inch  micrometer  caliper. 
^^~hen  he  had  finished  with  them  there  wae  no  point  on  any  of  the 
cubes  that  varied  more  than  0.00025  inch  from  1  Inch.  Packing  them 
together  with  any  combination  of  sides,  the  greatest  variation  from  6 
inches  as  measured  with  a  fi-lnch  micrometer  was  0.0005  Inch, 
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the  BldeB  of  all  the  cubes  were  bo  nearly  square 
no  error  could  be  detected  with  a  hardened  steel 
these  cubes  no  fixture  or  clamp  ol  any  kind  w. 
laid  on  the  swlnElng  table,  and  against  the  rib 
the  wheel  with  the  fingers. 

A  tew  examples  of  the  application  of  the  disk 
work  will  give  a  general  Idea  of  Its  application, 
such  as  shown  in  Fig.  S  Is  to  be  made.    With 
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with  each  other  that 
square.     In  grinding 

as  used.  They  were 
and  pressed  against 

grinder  to  tool-room 
Suppose  a  snap  gage 
the  disk  grinder  the 
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gage  ran  be  finished  all  over,  sides,  edges  and  ends,  and  cornerB  beveled 
or  rounded.  In  hardening  the  gage  springe  somewhat,  but  can  easily 
be  squared  again  on  the  disk  grinder.  We  are  now  ready  to  grind 
the  notch  to  size.  Lay  tbe  piece  on  the  swinging  table,  with  the  back 
edge  against  the  rib,  the  wheel  being  in  the  notch.  The  piece  Is  now 
ground  on  both  sides  without  turning  It  over.  This  will  make  the 
faces  of  the  notch  parallel  with  each  other,  which  they  might  not  be 
if  the  piece  were  turned  over.  By  the  use  of  an  end  measure  gage  the 
snap  gage  In  Fig.  5  is  now  easily  completed. 
In  a  certain  shop  a  Job  came  up  to  be  done  In  the  turret  machine. 


A  number  of  cast  Iron  pieces,  of  the  shape  shown  in  Fig.  6.  were  to 
be  machined.  There  were  eight  different  sizes  of  pieces  and  three 
dimensions  made  to  gage  on  each  piece,  making  24  dimensions  in  all. 
The  largest  dimension  on  the  largest  piece  was  about  four  inches.  The 
smallest  dimension  on  the  Bmatlest  piece  was  about  %  Inch.  A  few 
thousand  pieces  of  each  size  were  to  be  made.  Extreme  accuracy  was 
not  required;  a  variation  of  0.001  inch  was  allowable.  A  tool-maker 
was  given  the  Job  of  making  a  Bet  of  snap  gageB. 

Taking  the  figures,  he  made  24  end  measure  pieces  from  S-16-lnch 
round  drill  rod,  hardened  them,  and  marked  the  size.    He  then 
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the  gages  from  ^-Inch  thick  sheet  Bte«l,  aa  shown  in  Pis.  7.  The 
working  faces  were  hardened  and  ground  to  the  end  measure  pieces  on 
the  disk  grinder,  and  the  edges  squared  and  the  comers  rounded  In 
the  ume  macbltie.  The  gages  were  not  touched  with  a  file  except  to 
smooth  off  the  edge  In  the  bottom  of  the  notch. 
The  examples  given  Indicate  the  use  of  the  disk  grinder  as  a  tool- 


room machine.  This  machine,  however.  Is  also  efficient  for  remoTing 
large  amounts  of  metal  In  short  time.  The  tfflclencr  of  the  machine 
for  this  purpose  depends  largely  upon  the  kinds  of  disks  used.  Tests 
were  made  at  the  shops  of  the  Gardner  Machine  Co.,  Belolt,  Wis.,  to 
determine  the  comparative  efllcieiicy  for  grinding  cast  Iron,  of  differ- 
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ent  kinds  and  makes  of  disks,  such  as  are  commonly  used  in  connee- 
tlon  with  disk  grinders.  In  the  following  table  the  different  kinds  of 
disks  are  indicated  by  figures: 

No.  1  Indicates  the  Gardner  improved  abrasive  disk  No.  126.  No.  6 
is  the  regular  No.  24  commercial  emery  cloth.  No.  6  Is  the  same  in 
emery  paper.  Nos.  2.  3,  and  4  are  disks  of  excellent  quality  as  com- 
pared to  commercial  emery  cloth. 
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Thb  disks  tested  were  all  20  Inches  fn  diameter  and  all  ezceplins 
Nos.  6  and  6  were  No.  IS  grain.  The  grinding  was  done  on  the  ends 
at  bollow  blocks  of  cast  Iron,  u  shown  in  Figs.  8  and  9.  The  area 
ground  at  the  end  of  blocks  was  5  square  Inches.  Reducing  tbe  blocks 
one  Inch  In  length  Indicated  the  removal  of  5  cubic  Inches  of  metal. 
Ttas  grinding  was  all  done  on  the  same  machine  by  the  same  operator. 

The  micrometer  stop  at  the  back  of  the  table  was  set  to  grind  oft 
a  fixed  amount,  usually  O.OSO  inch,  and  the  twelve  blocks  ground  to  the 
stop.  Tbe  slop  was  then  moved  back  0.050  Inch  and  the  operation 
repeated  until  tb«  blopks  became  too  warm  for  efficient  grinding,  when 
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the]'  were  cooled,  and  the  time  of  grinding  and  the  amount  of  metal 
removed,  noted.  This  was  repeated  nntil  the  disk  was  worn  out  or 
the  blocks  all  ground  up.  In  the  latter  case,  new  blocks  were  substi- 
tuted and  the  operation  continued  until  the  disk  was  worn  out.  By 
reversing  the  blocks  they  were  ground  down  until  tbe  wheel  touched 
tbe  handles  on  both  sides.  During  this  test  several  hundred  pounds 
of  these  blocks  were  converted  into  cast  Iron  chips. 

It  will  be  noted  In  Table  III,  that  It  lyas  necessarr  to  use  a  Hunt- 
ington emery  wheel  dresser  on  all  disks  tested  except  Nos.  1  and  3. 
Tbe  dresser  was  used  whenever  the  surface  of  the  disk  became  dull 
and  glazed  so  that  It  would  not  cut  cast  Iron  readily.  Tbe  use  of  a 
r  shortens  the  life  ot  tbe  disk,  but  it  la  ahsolntely  necessary. 
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COST    OF    GBINDINa. 

To  figure,  with  any  degree  ot  accuracy,  the  cost  of  commercial  wet 
grinding,  requires  considerable  experience  In  itiQ  use  and  management 
ot  the  machine,  in  order  to  be  as  cloeeiy  approximated  as  lathe  worlc. 
There  also  seems  to  be  a  greater  difference  In  operators,  due  partly  no  ' 
doubt  lo  the  fact  that  the  general  use  ot  the  grinder  haa  not  yet  be- 
come aa  common.  A  great  many  operators  seem  to  be  atrald  to  push 
their  macbtnes.  and  spend  a  good  deal  ot  time  in  useless  callpering. 
They  seem  to  torget  that  If  they  have  several  thousandths  to  take  off 
a  piece  and  are  feeding  in  one  or  two  thousandths  at  each  reversal 
ot  the  machine,  they  need  not  caliper  until  within  one  or  two  thou- 
santbs  ot  size,  It  they  will  keep  in  mind  the  numl>er  of  reversals  the 
'  machine  has  made.  And  another  class  seem  to  think  that  because 
grinding  1b  a  finishing  Job,  It  must  lie  nursed. 

As  a  matter  ot  fact  there  is  no  machine  which  so  readily  and 
accurately  responds  to  the  touches  ot  an  operator  aa  the  wet  grinding 
machine.    Of  course  there  are  delicate  pieces  and  certain  shapes  which 


have  to  be  carefully  handled,  but  the  usuai  run  of  work  is  so  simple 
that  any  good  apprentice  can  be  put  on  It  and  taught  In  a  short  time. 

As  the  work  usually  comes  from  the  lathe,  with  approximately  iyS4 
lo  1/32  Inch  stock  to  be  removed,  a  tew  reveraala  of  the  machine  with 
the  work  taking  nearly  the  full  width  ot  the  wheel  each  revolution 
and  a  cut  ot  two  to  tour  thousandths  until  nearly  up  to  size  and  then 
a  much  slower  traverse  per  revolution  for  finishing,  eccordlng  to  the 
kind  of  finish  desired,  and  the  work  is  done.  To  obtain  the  l>est  speed, 
the  limits  required  on  the  lathe  must  not  be  made  ton  narrow,  from 
1/G4  to  1/32  inch  being  admissible  for  ordinary  work,  and  more  on 
large  work;  tor  the  tacilily  ot  the  grinder  In  flnlatalng  work  la  tar  In 
excess  of  the  lathe,  and  the  latter  muat  be  relieved  ct  all  the  finishing 
possible. 

To  figure  the  actual  time  tor  removing  stock  on  the  grinder  we 
must  take  Into  account  the  longltudlnai  traverse  ot  the  wheel  for  each 
revolution  at  the  work,  the  surface  speed  ot  the  work  and  the  depth 
of  the  cut.  The  latter  muat  be  varied  according  to  the  nature  ot 
the  material,  greater  or  less  according  to  whether  It  Is  hard  or  soft; 
and  the  traverse  per  revolution  of  work  is  lessened  it  a  fine  finish  is 
desired.    The  shape  of  the  piece  also  somewhat  alfects  both  of  these        , 
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polote,  as  long,  thin  pieces  require  a  slower  tra- 
verse and  IlEbter  cuts. 

Take,  (or  Instance,  the  plain  piece,  Fig.  10; 
material,  hardened  steel.  For  this  a  work  sur- 
face speed  of  IB  feet,  or  about  37  revolutions  per 
minute  would  be  suitable.  Assuming  we  bave 
a  wbeel  18  Inches  In  diameter,  and  1^  inch  face, 
a  traverse  of  two-thirds  the  face  of  the  wheel  or 
one  inch  per  revolution  of  work  is  usual.  This 
would  require  12  revolutions  to  pass  the  length  of 
the  piece,  plus  1  revolution  for  clearance,  or  fot 
dwell  if  there  happens  to  be  a  shoulder.  This 
would  make,  roughly,  three  reTersale  a  minute. 

On  a  medlum-aized  machine  an  automatic  feed 
equivalent  to  a  work  reduction  of  about  0.002 
inch  would  be  suitable,  or  a  reduction  of  about 
0.006  Inch  per  minute.  If  the  work  came  with 
an  average  allowance  of  0.030  inch  for  grinding, 
it  would  require  theoretically  5  minutes  actual 
grinding  time  to  rough  this  piece  down.  To  this 
must  be  added  the  time  tor  handling  the  work, 
adjusting  the  machine  and  back  rests  (In  this 
case  only  one  rest  would  be  used),  caliperlng  the 
work  and  finishing.  This  time  will  amount  to  as 
much  as  the  grinding  time  with  most  operators 
(most  of  It  being  taken  up  In  finishing),  which 
would  make  the  actual  time  about  ten  minutes 
apiece.  Ab  a  matter  of  fact,  work  of  this  size  Is 
actually  being  ground  at  the  rate  of  seven  or  eight 
pieces  per  hour. 

If  a  fine  flniah  Is  desired  a  higher  work  speed 
and  Blower  traverse  would  be  required.  For  a  very 
fine  finish  a  work  speed  of  45  feet  surface  speed 
and  traverse  of  1/6  IdcIi  per  revolution  would  be 
suitable  tor  finishing,  with,  Of  course,  a  very  much 
smaller  feed.  Thle  change  In  the  work  and  tra- 
verse speed  could  be  made  when  the  work  is  near- 
ly up  to  slie,  and  would  probably  require  about 
three  mlnutee.  If  the  piece  were  of  soft  steel  a 
deeper  cut  can  be  taken  and  a  wider  traverse,  a 
cut  of  0.003  inch  and  a  traverse  nearly  up  to 
the  width  of  the  wheel  being  admissible.  In  grind- 
ing long  shafts  it  Is  necessary  to  allow  propor- 
tionately more  time  for  adjusting  back  rests  and 
tor  caliperlng,  to  Insure  that  tbe  piece  be  straight. 
This  often  takes  twice  the  actual  grinding  time. 

Now  let  us  look  at  the  more  rompllcated  piece. 
Fig.  11.    This  will  have  to  be  done  on  a  larger  machine,  and 
machines  are  Blower  to  handle.     This  piece  Is  a  piston  rod  of 
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Bteel.  We  vlll  use  tor  this  a  20-inch  wheel  ol  ZVi  Inches  face.  A  suit- 
able traverse  for  this  would  be  2  laches  per  revolution  and  a  surtace 
Bpeed  of  15  feet  would  make  about  19  revolutiODB  for  the  part  3  Inches 
in  diameter,  and  about  15  (or  the  part  3%  incbes.  The  flgnres  would 
be  about  as  follows: 

Tolal  amount  to  be  removed.  0,060  inch;  amount  per  reversal,  0.004 

inch;  number  of  reversals  required.  IS. 

3  inches  diameter,  to  crosa  once.  1 1/5  miuute;  total  for 

15  reversals  18  minutes 

3%  inches  diameter,  to  croes  once,  1%  minute;  total  for 

15  reversals  22  minutes 

Tapers,  both,  to  cross  onee,  2/5  minute:  total  for  15  re- 
versals         6  minutes 

Setting  up  and  adjusting 10  minutes 

Total  56  minutes 

If  It  be  desired  to  put  a  radius  on  the  wheel  and  grind  the  fillets 
at  shoulder  A,  about  10  minutes  more  should  be  allowed;  and  If  there 


were  more  than  one  piece  to  be  done  considerable  time  could  be  saved 
In  setting  for  the  tapers. 

The  piece.  Fig.  12,  is  a  chilled  cast-Iron  roll  to  be  ground  from  the 
rough.  This  will  take  tbe  largest  machine  built,  and  here  the  time 
taken  is  almost  all  grinding  time.  The  average  reduction  for  the 
chilled  part  is  14  Inch,  and  a  teed  of  0,002  inch  ie  about  all  we  can 
take,  with  a  30-lnch  wheel.  3-)ncb  (ace  and  about  2-inch  traverse  per 
revolution.  A  work  speed  of  15  (eet  would  give  us  about  3  revolu- 
tions per  minute,  making  about  7  minutes  for  one  cut  across  the  roll 
and  14^  hours  for  tbe  chilled  portion  of  the  roll. 

For  the  soft  necks  of  the  roll  (average  reduction  ^  Inch)  we  can 
take  a  surface  speed  of  20  feet,  equivalent  to  about  5  revolutions  per 
minute,  a  feed  of  0.004  inch  and  a  traverse  of  about  2%  Inches. 
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THB    BURSTING    OP    BMERT    WHEELS. 

In  1902  Bome  Important  tests  ol  the  etrengtb  of  emery  wheels  were 
undertaken  at  the  Case  School  ol  Applied  Science,  Cleveland,  Ohio, 
under  the  direction  ol  Prof.  H.  Benjamin.  Fifteen  wheels  of  various 
makes  were  tested  to  destruction.  The  results  of  these  teste  are 
given  In  the  following. 

Most  manufacturers  of  this  class  of  wheels  test  them  for  their 
own  Information,  but  the  results  are  not  generally  given  to  the  pub- 
lic At  the  Norton  Emery  Wheel  Works,  all  wheels  are  tested  before 
leaving  the  shop  at  a  speed  double  that  allowed  in  regular  service,  and 
occasionally  wheels  are  burst  to  determine  the  actual  factor  of  safety. 


Emery-wheel  accidents  are  not  uncommon,  but  can  usually  be  traced 
to  the  carelessness  of  the  operator.  One  common  cause  of  failure  Is 
allowing  a  small  piece  of  work  to  slip  or  roll  between  the  wheel  and 
the  rest. 

The  wheels  selected  for  the  experiments  were  all  of  the  same 
size,  being  sixteen  inches  In  diameter  by  one  inch  thick,  and  having 
a  hole  one  and  one-half  inch  in  diameter.  The  object  of  the  experi- 
ment being  1o  determine  the  bursting  speed  of  such  wheels  as  are 
actually  on  the  market,  emery  wheels  were  obtained  through  vari- 
ous outside  parties  without  indicating  to  the  agents  or  manufacturers 
the  use  to  be  made  of  them.  In  this  way  wheels  of  six  different  makes 
were  obtained,  the  label  on  each  wheel  showing  usually  the  maker's 


Ti 


NO.  3S— GRINDING  AND  LAPPING 


name,  the  grfide  number  or  letter,  the  quality  of  emery,  and  the  speed 
recommended  tor  use.  Ab  shown  In  Table  IV,  giving  the  reBUlts,  the 
working  speed  yarled  In  the  dtCerent  wheels  from  1,150  to  1,400  revo- 
lutione  per  minute,  the  average  being  about  1,200  revolutions  per  min- 
ute. For  a  diameter  of  elzteen  inchee  this  corresponds  to  a  peripheral 
velocity  of  about  6,000  feet  per  minute.  The  table  also  shows  that 
the  fineness  of  the  emery  varied  from  ten  to  sixty,  the  average  being 
about  thirty. 

The  wheels  were  held  between  two  collars,  each  six  and  one-eighth 
Inches  in  diameter  and  concaved,  so  as  to  bear  only  on  a  ring  three- 
fourths  of  an  Inch  wide  at  the  outer  circumference. 

Table  IV  shows  the  results  of  the  experiments  in  detail,  and  needi 
TABLB.  IV.  RBsnun  < 
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but  little  explanation.  The  Illustrations  in  Fig.  13  show  character- 
istic fractures,  and  the  appearance  of  various  wheels  after  bursting. 
Wheels  numbered  1,  2,  and  3  In  table  were  of  one  make,  and  show 
a  remarkable  uniformity  in  strength.  Nos.  4,  5,  g,  and  9  were  all 
made  by  one  firm;  the  two  latter  wheels  were  of  finer  grain  than  the 
others,  and  show  a  correspondingly  greater  strength.  Nos.  6  and  7 
contained  a  layer  of  brass  wire  netting  imbedded  in  the  emery,  and 
were  about  one-third  stronger  than  llie  average  of  the  ordinary  wheels. 
The  wheels  numt>ered  10  and  11  were  the  weakest  among  those  tested, 
but  have  an  apparent  factor  of  safety  of  between  five  and  six.  Nos.  12 
and  13,  of  still  another  make,  burst  at  about  the  average  speed.  Wheels 
Nos.  14  and  15  were  so-called  vulcanized  wheels,  containing  rubber  In 
the  bend,  and  intended  for  particularly  severe  service.  These  showed, 
as  was  expected,  rather  more  than  the  average  strength. 
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Ad  examinatloD  of  tli«  laet  tvo  columns  In  tbe  table  bIiowb  that  the 
wheels  burst  at  speeds  varying  from  two  and  one-quarter  to  three 
and  three-quarters  the  working  speed,  and  accordingly  had  factors 
of  safety  varying  from  Ave  to  thirteen. 

It  is  then  apparent  that  any  of  these  wheels  were  safe  at  tbe 
speed  recommended,  and  would  not  have  burst  under  ordinary  con- 
ditions. At  the  eame  time,  considering  the  violent  nature  of  the 
service  aud  the  shocks  to  which  they  are  exposed,  It  would  seem  that 
the  factor  of  safety  for  emery  wheels  should  be  large.  In  comparison 
with  those  generally  used  in  machines,  a  factor  of  eight  or  ten  would 
seem  small  enough.  It  may  also  be  said  that  such  a  variation  in 
strength  between  wheels  of  the  same  make  and  grade,  as  tor  Instance, 
that  between  Nos.  4  and  G,  Indicates  a  lack  of  unllormity  which  causes 
distrust.  The  fractures  were  In  the  main  radial,  as  may  be  Been  from 
Fig.  13,  the  wheel  splitting  in  tbree.  four  or  five  sectors  as  misht 
chance.  It  may  be  assumed  that  these  radial  cracks  started  from  the 
rim  where  the   velocity   and   stress  were  greatest,   but  It   Is  a  fact 


P1«.  14.  Fiv.  ID.  n^-  IB-  1>.  VJ.  Ptc.  IS.  Fl*.  10. 

worthy  of  notice  that  In  nearly  every  instance  the  cracks  radiated 
from  points  where  the  lead  bushing  projected  Into  tbe  body  of  the 
wheel. 

Faatenlngs  (Or  Emery  Wheels  and  arlndatonee. 
*  When  an  emery  wheel  or  grindstone  Is  revolved,  a  certain  amount 
of  tension  is  set  up  and  the  method  of  fastening  should  be  carefully 
considered,  as  the  bursting  of  emery  wheels  may  be  accelerated  by 
Improper  fastenings.  The  oldest  fastening  (or  this  class  of  tool  is 
that  shown  in  Fig.  14.  The  stone  has  a  large  hole  in  its  center  and 
is  carried  by  a  shaft  of  the  same  type  as  that  used  on  old-[ashioned 
water  wheels.  It  Is  fastened  with  wooden  wedges,  which  are  soaked 
with  water  In  order  to  make  them  swell  and  tighten  as  much  as 
possible.  The  Instability  of  these  wedges,  which,  by  alternate  wetting 
and  drying,  are  constantly  varying  tbe  tension  put  upon  the  stone, 
serves  to  Increase  the  danger  of  tbe  bursting  of  the  same.  This  style 
of  fastening  Is,  there(ore,  seldom  used  at  present. 
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A  step  In  advance  was  made  by  the  Introduction  ot  iron  Bhafts.  At 
first  these  were  square  in  section.  The  stone  was  fastened  between 
two  wrought-iron  crosses  having  a  square  hole  at  their  centers.  The 
ends  of  the  arms  were  provided  with  holes  through  which  Iralts  were 
passed  for  the  fastening  of  the  stone,  as  shown  in  Fig.  16.  The 
crosses  were  themselves  fastened  to  the  shaft  by  wrought-iron  wedges, 
so  that  th«  stone  was,  in  this  way,  treed  from  all  tension  due  to  its 
fastenings.  It  was  merely  weakened  Id  section  by  letting  the  crosses 
Into  It  and  by  the  holes  for  the  bolts. 

An  essential  improvement  was  made  In  the  fastenings  by  the  intro- 
duction of  round  shafts  as  shown  in  Fig.  16.  Here  the  stone  is 
fastened  between  two  round  clamping  plates  which  are  drawn  together 
by  a  nut  on  the  shaft.  Through  the  pressing  of  these  plates  the  stone 
is,  of  course,  subjected  to  a  cruBhtng  stress;  it  must,  therefore,  be 
admitted  that  stresses  are  thus  set  up  In  It  that  extend  beyond  the 
outer  diameter  of  the  plates.  As  a  matter  of  fact  stones  so  fastened 
have  been  sprung  to  such  an  extent  that  all  of  the  material  outside 
the  plates  has  been  fractured.  Such  clamping  plates  have  also  been 
made  with  circular  ribs,  as  shown  in  Fig.  IT,  thus  forming  a  flrst- 
class  bursting  furrow  in  the  stone.  These  ribs  possess  the  disadvan- 
tage that  the  section  of  the  stone  is  dangerously  weakened  by  them. 

Another  form  o(  fastening  is  that  shown  in  Fig.  18.  Here  cone- 
shaped  plates  are  used  for  clamping  the  stone.  The  hollow  cones  are 
brought  to  bear  against  it.  When  these  come  to  a  bearing  the  plate 
must  press  equally  against  the  stone  throughout  Us  whole  circumfer- 
ence. As  they  are  pressed  together  they  are  distorted  to  a  greater 
or  less  extent  on  account  of  their  own  elasticity;  their  surfaces  will 
be  forced  back  and  the  diameter  of  the  rims  increased.  Through  the 
grinding  action  on  the  edge  of  the  stone,  the  latter  will  increase  In 
size  and  this  increase  will  be  shared  by  the  plates  which  will  thus 
set  up  a  radial  stress.  These  cone-shaped  plates  which  seem  to  be  so 
advantageous  are,  therefore,  detrimental  in  that  they  exert  a  destruc- 
tive influence  on  the  stone. 

The  fastening  by  means  of  plates  in  the  form  of  inverted  cones,  as 
shown  In  Fig.  19,  is  a  preferable  one.  Here,  by  a  tightening  of  the 
plates,  the  rim  is  drawn  In  towards  the  center  and  a  tension  towards 
that  point  Is  created.  The  tensions  which  are  produced  by  the  pres- 
Ing  of  the  plates  together  are  toward  the  outside,  and  counteract  each 
other  to  a  great  extent,  so  that  there  are  no  unfavorable  stresses  set 
up  in  the  stone  by  this  method  of  fastening.  It  will  also  be  of  advan- 
tage to  make  the  bearing  surface  of  the  tightening  nut  spherical, 
whereby  the  plates  can  be  made  to  better  adjust  themselves  to  any 
Inequalities   in  the  stone. 
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OBINDIMG    KINKS   AND    EXAMPLES    OF    G-BINDINO. 

Orlndlns  r  L&rao  Crank-Bbkn. 

A  promtnent  English  chaimnaber  rec«nlly  sent  to  the  Norton  Grind- 
ing Co.,  Worcester,  Mass.,  a  rough-turned  crankshatt  to  be  ground 
to  the  dimensions  given  In  Fig.  20.  The  eondiUone  given  were  that 
the  throw,  must  be  Vi  Inch  plus  or  minus  0.001  inch  and  that  the  key- 
way  shown  in  Fig.  20  should  line  up  exactly  with  the  highest  point 
or  the  eccentric.  The  keyway  was  already  in  the  shaft,  when  received. 
The  following  method  was  pursued  In  preparing  the  cranksliaft  for 
the  grinder: 

Two  cast-iron  bloclcs.  Fig.  22,  were  planed  to  the  dimensions  given, 
and  one  side,  E  in  Fig.  23,  was  scraped  to  a  surface-plate.  A  squar- 
ing chip  was  then  taken  across  a  lathe  face-plate  and  the  plate  was 
rigged  with  blocks  and  parallels  as  per  Fig.  23.  The  surface  E  of  the 
parallel  B  was  also  scraped  to  a  surface-plate.  When  the  large  hole 
was  bored,  the  block  A,  Fig.  23,  was  against  parallel  C  and  when  the 
small  hole,  or  eccentric  bole,  was  bored,  A  was  moved  along  parallel 
B  and  block  D  was  inserted.  Tissue  paper  was  used  In  both  settings 
to  Insure  actual  contact.  The  large  boIeS  were  bored  0.015  inch  larger 
than  the  finished  diameter  of  the  crankshaft  ends.  Alter  Iwrlng  the 
small  holes,  a  1-lnch  arbor  was  forced  Into  the  small  holes  and  the 
SO-degree  center  holes  were  turned  with  a  lathe  tool.  The  truth  of 
these  GO-degree  holes  was  tested  by  means  of  a  ground  cone  point 
and  red  lead.    A  tapped  hole  and  setscrew  completed  each  block. 

The  shaft  was  now  prepared  for  the  blocks  by  grinding  each  end 
a  wringing  fit  for  Its  block.  Before  doing  this,  the  center  holes  in 
the  shaft  were  tested  and  scraped  to  a  60-degree  cone  point,  to  insure 
a  perfectly  round  shaft  when  ground. 

The  next  operation  was  to  correctly  locate  the  keyway.  For  this, 
two  blocks,  A  and  B,  Fig.  21.  were  made.  A  Is  a  1-inch  block  that 
tapped  lightly  into  the  keyway  and  projected  a  short  distance,  as  shown. 
B  Is  a  block  planed  to  micrometer  gage,  and  of  such  a  height  as  to 
bring  the  center  line  of  the  keyway  and  the  center  line  of  the  crank- 
shaft into  a  plane  parallel  to  the  planer  surface  C,  Fig.  21.  The  proper 
height  of  B  was  easily  found  by  means  of  micrometer  meaHurements 
and  deductions.  Having  made  A  and  B.  Fig.  21.  the  whole  Job  was 
taken  to  a  newly  planed  planer  table  and  the  end  blocks  were  placed 
on  the  crankshaft.  A  was  then  placed  in  the  keyway  and  the  crank- 
shaft turned  until  A  rested  on  B.  With  tissue  paper  under  the  end  blocks 
D,  Fig.  21,  and.  between  A  and  B.  adjustments  were  made  until  all  the 
papers  held  fast.  The  blocks  D  were  then  made  secure  by  means  of  the 
■etscrews  E.     After  a  final  test  with   the  tissue  papers,  the  cnink- 
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Bbaft  vaB  ready  to  bave  tbe  eccentric  ground.    This  was  done  on  an 
IS-inch  br  SE-lnch  Norton  plain  grinder.    The  fillets  on  tbe  eccentric 
were  also  ground  at  tlie  same  time. 
The  length  of  throw  was  tested  In  the  grinder  by  means  of  a  Bath 


Indicator  and  a  1-inch  B.  A  S,  disk,  and  found  to  be  within  the  required 
llmtta.    When    the    eccentric    was    completed,    the    end    blocks    were 


removed  and  the  remainder  of  the  crankshaft  was  ground  on  Its  own 
centers. 

QrlndlDff  EiDlEB. 
In  the  following  are  deecrlbed  some  of  the  kinks  used  by  toolmakers 
In  grinding;  these  kinka  were  contributed  to  Machinebt  by  Paul  W. 
Abbott 
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Fig.  24  Is  a  hand  grinding  rest  wtilcti  Is  verj'  bandy  tor  use  on  the 
universal  grinder.  It  Is  adjustable  up  and  down  for  height,  and  la 
used  for  band  grinding  circular  and  straight  form  tools,  sharpening 
metal  slotting  saws,  termed  cutters,  etc.  Fig.  26  shows  the  applies' 
tion  of  the  hand  rest  to  the  grinding  of  saw  teetb  In  a  blank.  The 
tooth  rest  used  in  connection  with  this  operation  is  shown  in  Fig.  25. 
These  saws  are  first  ground  on  an  arbor,  the  old  teeth  being  ground 
off,  leaving  a  perfect  circle.  The  operator  then  puts  on  this  derice, 
setting  the  tooth  rest  so  that  the  teetb  will  be  about  14  Inch  apart, 
and  grinds  around  by  band,  not  quite  bringing  each  tooth  to  a  sharp 
point.  On  the  last  nine  or  ten  teeth  he  evens  up  any  inaccuracy  In 
the  spacing,  the  wheel  being  trued  off  to  the  exact  shape  of  tooth 
space  wanted. 

Fig.  27  shows  a  device  tor  accurately  sharpening  formed  cutters  up 
to  3  inches  diameter,  which  Is  used  when  the  cutler  grinder  bsa 
another  job  in  It,  or  could  be  used  to  advantage  where  there  was  no 
surface  or  cutter  grinder.  The  Hevlce  consists  of  the  cast  iron  slide 
B,  at  the  end  of  which  is  a  tapped  hole  C,  with  a  small  fillister  head 
screw  which  .holds  the  various  sizes  of  bushings  which  fit  the  holes 
in  (be  cutters.  On  the  same  end  Is  the  Index  pin  D,  which  is  ad]u8^ 
able  back  and  forth.  In  operation,  the  hand  rest  shown  in  Fig.  1  li 
also  uflBd,  and  the  pins  A  are  lined  up  parallel  with  the  forward  travel 
of  the  wheel  and  so  that  the  cutting  face  of  the  wheel  is  on  a  line 
with  the  center  of  the  bushing.  The  cutter  Is  then  slipped  on  over  the 
bushing  and  the  indes  pin  is  set  so  that  the  required  amount  will  be 
ground  from  the  face  of  the  tooth.  The  operator  brings  the  wheel  up 
to  the  proper  position  and  then  pushes  the  slide  forward  until  the 
wheel  has  reach  the  bottom  of  the  tooth  space;  he  then  withdraws 
the  slide  and  indexes  to  the  next  tootb,  and  so  on,  tooth  after  tooth. 
It  will  be  noticed  that  the  index  pin  rests  against  the  back  of  the  tooth, 
which  means  that  upon  the  previous  milling  of  the  teeth  depends  the 
accuracy  of  the  grinding;  but  on  the  standard  cutters  furnished  by 
numerous  concerns  this  spacing  will  he  found  accurate  enough. 

Fig.  2S  Is  a  center  tor  the  head-stock  for  holding  small  forming 
tools  of  odd  size,  or  threaded  pieces  which  are  to  be  ground  on  the 
periphery.  The  tools  are  simply  clamped  to  the  face  of  the  center, 
and  trued  up  by  an  Indicator.  Fig.  29  la  a  device  for  the  tool  grinder 
for  grinding  snap  gages,  where  there  Is  no  surface  grinder  for  this 
Glass  of  work.  The  shank  of  this  device  Is  made  to  fit  the  bead- 
stock,  and  the  gages  are  clamped  to  It  by  a  small  strap  and  two  screws. 
This  fixture  revolves  while  In  use,  and-  the  Jaws  of  the  gage  are  ground 
by  feeding  a  thin  wheel  In  and  out  by  hand.  Revolving  the  devlcs 
Insures  perfectly  straight  gage  faces..  Fig.  30  shows  a  center  tor 
the  universal  grinder  for  holding  a  standard  line  of  large  end  mill- 
ing cutters  with  threaded  boles,  while  sharpening.  The  head-stock 
Is  swung  around  at  right  angles  to  the  ways,  and  with  a  long  support 
for  the  tootb  rest  (Pig.  31),  which  is  bolted  to  the  platen,  the  cutters 
are  ground  very  handily  by  throwing  in  the  teed  and  grinding  one 
tooth,  and  then,  before  the  wheel  comes  back.  Indexing  to  the  next 
tooth,  and  so  on.  i-^Tc 
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Fig.  32  BhowB  a  bardened  roller  which  ie  ground  all  over,  and  fig.  33 
the  fixture  for  the  universal  grinder  for  grinding  the  sides  of  this 
roll.  This  plate  wae  made  of  cast  iron,  with  both  sides  ground  and 
with  each  hole  ground  to  0.0005  Inch  over  standard  size.  Bach  hole 
baa  a  ^-Incb  set-acrew.  ae  shown  at  ^l.  In  operation,  the  plate  Is 
rastened  to  the  face-plate  by  a  draw-bach  rod,  and  the  bead-stock  Is 
swung  around  at  right  angles.  As  the  plate  revolves,  16  rolls  are 
ground  at  once,  first  on  one  side,  and  then  the  plate  is  turned  and 
the  other  side  gronnd,  the  rolls  being  made  to  standard  length  by 
using  a  depth  gage.  The  hardened  roll  shown  In  Fig.  34.  which  is 
used  on  swaging  machines,  Is  held  by  tbe  centers  shown  In  Fig.  35 
and  36,  when  being  ground.  Fig.  35  Is  the  bead-stock  center  cupped 
out  on  the  end  to  fit  tbe  beveled  end  of  tbe  roll.  This  center  drives 
the  roll  by  friction,  the  pressure  being  obtained  by  tbe  spring  tall- 
stoch.  Fig.  36  is  the  tall-center  which  is  In  two  parts,  the  inner 
spindle  running  with  the  roll  and  being  adjusted  by  the  screw  in 
tbe  end  so  that  tbe  thrust  is  taken  by  tbe  ball  B.  the  tapered  portions 
C  Just  clearing  each  other.  Other  methods  of  grinding  rolls  are  shown 
in  Figs.  37  to  41.  One  example  of  grinding  Is  shown  in  Fig.  37.  and 
its  center  In  Fig.  39.  The  roll  is  driven  by  a  pin  on  tbe  center,  which 
engages  with  a  corresponding  bole  In  tbe  work.  A  better  method  Is 
to  center  tbe  roll  and  then  In  one  end  drive  a  square  60.degree  punch, 
using  the  square  center  shown  in  Fig.  41  for  driving  tbe  work  while 
grinding.  Another  good  method  for  hollow  rolls,  such  a  shown  in 
Fig.  3S,  Is  to  use  a  15-degree  square  center,  such  as  shown  In  Fig.  40. 
tbe  end  of  which  Just  enters  the  hole. 

Figs.  42  and  43  show  two  end  mills.  The  smaller  one  Is  fastened 
inside  of  the  larger  when  in  use.  and  when  in  position  rests  against 
tbe  bottom  of  the  hole  and  projects  outside  a  definite  distance.  The 
length  S  is  standard  in  all  these  mllle.  Fig.  44  shows  tbe  fixture  for 
grinding  two  pairs  of  these  mills  at  a  time,  so  that  tbe  same  amount 
will  be  taken  otf  Of  both  tbe  short  and  long  ones.  Threaded  buabinge 
B  fit  the  larger  size  mills,  and  F,  tbe  smaller.  Tbe  collars  O  are  of 
such  thlchnesB  that  tbe  cutting  face  of  the  smaller  mill  is  brought 
into  tbe  same  plane  as  the  larger,  and  so  when  grinding,  an  equal 
amount  Is  removed  from  the  face  of  each  milt.  Tbe  plate  is  held  to 
the  face-plate  by  a  draw-back  rod.  The  bead-stock  is  swung  at  right 
angles,  and  with  the  fixture  revolving,  tbe  wheel  traverses  back  and 
forth  across  the  faces  of  tbe  mills,  Tbe  mills  are  then  taken  to  a 
cutter  grinder  and  backed  off. 

.  Fig.  45  shows  a  small  crank-shaft,  and  Fig.  46  the  fixture  for  grind- 
ing the  pin.  Tbe  bearings  are  first  ground  on  centers  in  the  usual 
way.  The  fixture  is  of  cast  iron  and  is  held  to  the  face-plate  Dy  screws 
and  dowel  pins,  in  the  making  of  this  fixture  the  hole  H  was  ground 
out  to  the  size  of  the  bearing,  and  then  the  fixture  was  correctly  located 
and  doweled  to  the  regular  face-plate.  The  crank,  while  being  ground. 
Is  held  by  the  set-screws  J,  and  the  screws  K  which  are  set  against 
the  crank  on  either  side. 

The  grinding  of  formed  cutters,  similar  to  tbe  one  shown  in  Fig.  47, 
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BO  that  they  will  be  Interchangeable,  Is  very  Interesting.  The  error 
limit  Is  0.00036  Incb.  The  grinder  used  is  a  Norton  universal  tool 
and  cutter  grinder.  After  hardening,  the  cutters  are  first  ground  to  a 
definite  thickness.  For  this  operation  they  are  held  against  the  face- 
plate by  a  draw-bach  chuck.  Tbe  next  operation  Is  grinding  the  bev- 
eled sides,  which  is  accomplished  by  holding  the  cutters  against  a 
email  face-plate  by  a  draw-back  chuck.  Tbe  correct  angle  of  bevel  is 
obtained  with  the  protractor,  and  to  get  the  correct  diameter  of  the 
bevel  sides,  and  to  Insure  that  the  bevel  sides  stand  exactly  In  the 
same  relation  to  each  other,  the  gage  shown  in  Fig.  48  is  used.  This 
gage  Is  hardened  and  ground  all  over,  and  the  two  gaging  points  L  are 
set  a  predetermined  distance  apart  and  as  near  tbe  same  height  from 
the  platen  as  mechanical  means  can  make  them.  It  is  obvious  that 
cutters  which  are  all  ground  tbe  aame  thickneaa,  and  which  will  pass 
through  thia  gage  with  the  beveled  sides  both  touching  the  g^e  points 
with  equal  pressure,  will  interchange  within  pretty  close  limits.  The 
operator  grinds  one  bevel  side  at  a  time,  trying  the  work  every  little 
while  In  this  gage;  when  one  side  passes  through  tbe  gage  the  cutter 
Is  turned  around  and  the  other  bevel  ground,  F\>r  grinding  the  radius 
on  the  periphery  and  bringing  the  cutter  to  the  correct  diameter,  the 
radius  grinding  fixture  shown  In  Fig,  49  Is  used.  The  dovetailed  base 
M  Is  fitted  to  the  platen  of  the  grinder  and  upon  this  base  Is  a  slid- 
ing base  H  which  is  pivoted  to  if  by  a  bolt  0.  Upon  the  base  N 
there  is  an  auxiliary  platen  P  wblcb  can  be  adjusted  back  and  forth 
by  the  screw  Q  tor  getting  the  proper  radius.  This  auxiliary  platen 
la  made  the  same  as  tbe  machine  platen  so  that  the  regular  head- 
and  tail-stocks  will  go  on  it.  A  cutter  Is  placed  on  a  special  arbor 
and  the  platen  P  adjusted  to  give  tbe  correct  radius.  The  wheel  is 
then  brought  up  and  the  cutter  Is  ground  to  the  correct  diameter. 
the  curved  face  being  obtained  by  swinging  the  base  K  back  and  forth 
by  hand  in  an  arc  of  a  circle,  with  bolt  O  as  a  center. 

Another  ingenious  scheme  is  shown  In  Fig,  Gl.  Three  or  tour  pieces 
similar  to  tbe  one  shown  in  Fig.  50  were  to  have  tbe  bolea  ground 
out.  With  an  Independent  4-jawed  chuck  this  would  have  been  easy, 
but  there  was  no  such  chuck ;  and  as  there  would  never  be  any  more 
of  these  pieces  to  be  ground  the  fixture  for  doing  the  work  had  to  be 
inexpensive.  Tbe  face-plate  could  not  be  used  as  the  pieces  were 
smaller  than  the  hole  In  the  face-plate.  The  operator  thought  awhile. 
and  then  hunted  around  a  few  minutes  and  found  a  large  washer  R, 
tapped  two  holea  in  it.  filed  up  the  sheet  steel  strap  8,  and  with  a 
couple  of  machine  screws  was  ready  to  begin.  The  washer  was  first 
put  in  tbe  universal  chuck  and  the  outer  side  ground.  One  of  the 
pieces  waa  then  clamped  in  place,  and  after  putting  on  the  internal 
grinding  attachment  It  was  ready  to  be  ground. 

Orlndlngr  Fixture  for  Snd  Meaaure  Bods, 
The  fixture  ahown  in  Fig.  52  was  made  to  grind  spherical  end  meas- 
uring rods  3  Inches  long,  and  over.    There  were  three  diameters  ot 
-  these  rods,  %.  %  and  %  Inch,  and  three  sizes  ot  fixtures  were  also 
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mod*  to  BulL  Steel  sleeves  B  were  made  of  various  lengths  lor  each 
fixture,  to  stiffen  the  rods  near  the  end  when  griadlns-  These  sleeves 
bad  a  ^>earliig  at  each  end  In  hardened  busbings  which  were  driven 
Into  the  fixture  body.  The  sleeves  were  kept  Irom  turning  and  Irom 
sliding  endways,  independently  of  the  gear,  by  the  set-screws  shown. 
These  screws,  in  addition,  held  the  rod  being  ground.  Member  A  was 
a  tight  fit  In  tbe  large  bevel  gear,  which  was  made  separate  to  allow 
of  cutting  tbe  teeth.  The  flush  oilers  C  were  placed  on  opposite  sides 
of  tbe  body,  so  the  tendency  to  throw  oil  would  be  done  away  with  as 
much  as  possible. 

A  feature  apt  to  be  overloolied  Is  that  the  number  of  teeth  In  the  t^o 
gears  must  be  prime  to  each  other.  If  not,  every  certain  number  of 
revolutlODB.  depending  on  the  gears  ueed,  the  wheel  will  grind  Into 


one  of  the  previous  cuts.    Tbe  fixtures  were  arranged  to  be  used  on 
a  bench-lathe,  with  a  tool-post  grinding  fixture. 
Selection  of  Wheel. 

The  following  little  hints  regarding  grinding,  taken  from  a  booklet 
issued  by  the  Norton  Co.,  Worcester,  Mase.,  will  prove  of  value  to 
all  who  have  to  do  with  grinding  machines  and  grinding. 

Don't  believe  that  all  materials  can  be  ground  equally  well  with  one 
and  the  same  wheel. 

Qet  the  proper  wheel  for  the  work. 

Ton  would  not  expect  to  turn  all  kinds  of  lathe  work  with  one 
tool  having  only  one  form  of  cutting  edge.  The  grinding  wheel  Is  a 
tool  for  cutting. 

Different  shapes  of  work,  different  kinds  of  metal,  require  different 
cutting  edges  as  well  when  grinding  as  when  turning.  Different  grades 
and  grains  of  wheels  are  required  for  different  kinds  of  work. 

Grinding  wheels  are  numbered  from  coarse  to  fine,  and  graded  from 
soft  to  hard.  The  grade  Is  denoted  by  the  letters  of  the  alphabet  from 
E  toZ. 

Don't  decide  on  the  wheel  without  knowing  the  work. 
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SplDdle  speed  and  cbaracter  of  tbe  material,  ehape  of  vork  to  bo 
ground,  aod  eurrace  of  wheel  tn  contact  are  prime  factom. 

In  cylindrical  grinding,  speed  o(  work,  diameter  of  work  aud  deplb 
of  cut  must  all  be  reckoned  with  In  the  selection  of  the  right  combi- 
nation of  grain  and  grade. 

The  condition  of  the  machine  affects  the  efficiency  of  the  wheel. 
Heavy  machines  with  large  wheel  spindles  and  massive  wheel  sup- 
port call  for  a  wheel  different  from  those  for  lighter  machines  with 
smaller  spindles. 

Don't  order  a  certain  grade  wheel  merely  because  that  grade  Is 
used  on  similar  work  In  another  plant. 

Don't  use  a  hard  wheel  to  economize — it  is  production  you  are  after. 

A  bard  wheel  is  more  likely  to  change  the  temperature  of  the  work 
or  to  Itecome  glazed  tlian  a  soft  one;  furthermore,  it  requires  more 
power  to  do  tbe  same  amount  of  work. 

It  Is  a  common  error  to  assume  that  a  wheel  for  grinding  steel  and 
cast  iron,  chilled  iron  and  hardened  steel,  must  be  as  fine  as  the 
surface  desired.  A  coarse  wheel  will  produce  a  fine  finish  If  the  proper 
relations  between  grade,  depth  of  cut,  speed  of  work,  speed  of  wheel, 
etc.,  are  observed. 

When  grinding  brass  and  tbe  softer  bronzes,  tbe  wheel  must  be  as 
fine  as  the  finish  required.  Bronzes  with  "manganese"  or  "phosphor" 
permit  the  use  of  coarser  wheels. 

Don't  get  a  wheel  made  for  soft  steel  for  use  on  hard  steel. 

For  a  fine  finish  en  hard  stock,  a  coarse  wheel  may  be  necessary, 
and  the  harder  the  stock  the  coarser  the  wheel. 

When  ordering  wheels,  don't  forget  the  diameter,  width,  style  of 
face,  arbor  holes,  description  of  work,  speed  of  spindle,  and  tbe  num- 
ber and  letter  denoting  tbe  combination  of  grain  and  grade.  If  known. 

The  width  of  the  wheel  should  be  in  proportion  to  the  amount  of 
tbe  material  to  be  removed  with  each  revolution  of  tbe  work. 

if  you  reduce  the  width  of  the  wheel,  you  must  use  a  finer  feed, 
and  consequently  do  less  work. 

MountlQff. 

Never  mount  wheels  without  flanges. 

Flanges  should  be,  at  least,  one-third  the  diameter  of  the  wheel; 
one-half  Is  recommended.    Flanges  should  be  concave — never  straight 

Use  fiber  or  rubber  washers  a  trifle  larger  than  the  diameter  of 
tbe  flanges,  or  flanges  with  soft  metal  facings. 
Hooded  machines  are  desirable  when  practicable. 

Don't  start  work  on  a  new  wheel  until  you  are  sure  it  runs  true. 

Always  have  a  wheel  dresser  handy  for  truing  wheels  for  off-hand 
grinding. 

Never  use  a  dresser  on  wheels  that  grind  circular  work  on  centers. 

For  truing  wheels  hsed  on  plain  cylindrical  and  universal  grinding 
machines,  cutter  and  reamer  grinders,  etc.,  the  diamond  la  recom- 
mended.   To  obtain  the  best  results  It  is  absolutely  i 
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Never  attempt  to  true  a  wheel  (or  circular  grinding  unlees  the  dia- 
mond Is  beld  In  a  rigid  tool-post  on  the  table  of  the  mactaloe.    Tou 
cannot  do  good  work  with  fluch  a  wheel  when  it  ia  trued  "by  hand." 
To  get  a  truly  ground  surface,  you  must  keep  the  face  of  the  wheel 

The  quality  of  surlace  flnleh  is  dependent  on  the  condltlona  of  the 
wheel  face  and  depth  of  cut. 

Don't  Btart  grinding  until  you  know  the  speed  la  right — not  "near 
enough,"  but  right. 

Even  a  slight  variation  in  apeed  may  he  the  cause  of  success  or 
failure  of  any  wheel. 

Failure  is  Bometlmea  turned  into  success  by  merely  changing  the 
speed  of  either  the  wheel  or  work. 

Speed  up  the  epindle  as  the  diameter  of  the  wheel  is  decreased. 
Approximately  the  aame  peripheral  rate  should  be  maintained  as  the 
wheel  wears  down. 

Complaint  Is  sometimes  made  tiMt  wheels  appear  to  be  softer  toward 
the  center.  Usually  this  1b  because  the  same  surface  rate  of  speed  is 
not  maintained  as  the  wheel  Is  reduced  in  diameter.  This  causes 
the  wheel  to  wear  away  taster  and  appear  softer.  It  is  also  true  that 
while  the  grade  of  the  wheel  may  be  uniform  throughout,  yet  the 
smaller  line  of  contact  due  to  the  smaller  diameter  will  cause  the 
wheel  to  appear  softer. 

Increasing  the  apeed  of  a  grinding  wheel  gives  the  effect  of  a  harder 
wheel;  decreasing  the  speed  gives  the  effect  of  a  softer  wheel. 

For  surface  grinding,  it  is  customary  to  run  wheels  at  a  somewhat 
slower  rate  of  speed  than  for  general  grinding.  A  speed  of  4,000  to 
5,000  surface  feet  is  usually  employed. 

Wheels  are  run  in  actual  practice  from  4,000  lo  6,000  feet  per  minute. 
Qeneral  SuBseetlons. 

Transferring  a  wheel  worn  down  to  a  small  diameter,  from  a  large 
machine  to  a  small  one.  Is  good  practice. 

Keep  the  tickets  or  tags  which  are  sent  on  the  wheels  in  a  record 
booh,  so  that  it  a  wheel  Is  not  satisfactory,  reference  can  ha  made 
to  order  number  when  making  complaint.  It  Is  equally  valuable  as 
a  reference  when  ordering  duplicate  wheels. 

Don't  use  the  wrong  wheel  on  a  Job  because  It  will  require  a  few 
minutes  time  to  change  wheels.  A  stop  watch  will  prove  to  you  that 
changing  wheels  is  cheaper. 

There  la  seldom  a  case  where  one  and  the  same  wheel  can  be  used 
on  all  work  without  a  greater  loss  of  time  than  the  change  of  wheel 
would  Involve.  Many  times,  the  time  saved  In  grinding  a  single 
piece  more  than  pays  for  changing  the  wheel. 

Considerable  difference  In  diameters  of  work  will  affect  the  cutting 
quality  of  a  wheel  on  any  given  material. 

A  successful  wheel  on  the  small  diameters  may  work  much  slower 
on  the  larger  diameters. 
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The  vbeel  moat  suitable  for  vorb  of  verr  l^rge  diameter  mar  we&r 
awaj  too  faat  on  work  of  ntitiller  diuneter. 

A  anltable  wheel  for  small  diameters  ma;  cause  chatter  on  pieces 
of  larse  diameters. 

Don't  grind  circular  work  dry. 

A  good  wheel  will  grind  in  water,  soda  water  or  oil. 

Water  keeps  the  wheel  working  cool,  and  Increases  grinding  pro- 
duction. 

Soda  water  keeps  the  work  and  the  machine  from  rusting. 

Oil  in  soda  water  Increases  the  wheel's  effectiveneaB.  , 

The  particles  from  a  grinding  wheel  do  not  adhere  to  steel.  Don't 
let  any  one  convince  you  to  ttie  contrary. 

Grinding  is  profitable  for  removing  Btock  as  well  as  for  Hnlsblng. 

Keep  tiie  face  ot  the  wheel  true  and  parallel  with  axis  of  spindle. 

Vibration  makes  grinding  wheels  wear. 

Keep  all  rests  adjusted  close  to  the  wheel,  otherwise  work  Is  liable 
to  be  caught  and  injury  result. 

Keep  boxes  well  oiled  and  adjusted. 

When  practicable,  Indicate  on  eadh  machine  the  reTolution  of  spin- 
dle and  size  of  wheel  to  be  run  upon  It 

Don't  disregard  the  setting  np  Instructions  that  go  with  the  grind- 
ing machine. 
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LAPPING    PLAT    WORK   AND    GAGES. 

Tho  main  esaenllal  polnta  of  the  art  of  lappine  can  be  described  In 
a  tKKik,  but,  the  same  aa  witli  any  other  line  of  mecbanlcal  work, 
it  is  necessary  that  the  workman  shail  do  considerable  lapping  before 
be  can  tMCome  proficient.  There  are  certain  motione,  touches,  sounds, 
refinements,  etc..  which  the  skilled  workman  acquires  by  practice, 
that  tin  impossible  of  enumeration  and  description,  or  of  enumera- 
tion and  description  that  would  be  Intelligible  to  an  inexperienced 
man.  For  iustance,  ask  a  carpenter  bow  he  knows  that  he  is  saw- 
ing a  board  stralKht,  and  he  will  be  unable  to  tell  you.  Nevertheless, 
be  has  acquired  a  peculiar  sense  of  touch,  or  such  genera]  t 


of  the  senses,  that  he  knows  Inatantly  when  the  saw  starts  to  "run 
out"  His  mind  and  arm  automatically,  as  It  were,  return  the  saw 
to  ■  straight  line  without  missing  a  stroke.  It  is  the  same  way  with 
a  diemaker.  He  can  file  a  die,  looking  only  at  the  surface  line,  and 
can  detect  the  instant  when  his  file  "rocks"  from  a  straight  line. 
He  will  tell  you  that  he  "teels"  it,  but  is  unable  to  define  what  the 
sensation  Is.  Likewise,  one  cannot  explain  some  ol  the  finer  points 
in  the  art  of  lapping,  and  can  only  point  out  those  which  are  funda- 
mental, and  wblch  must  be  acquired  first  l)y  the  workman  unaccus- 
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tomed  to  such  opentttonB.    He  must  acquire  the  reflaemeDts  ^y  practice 
and  experience. 

A  Potteet  Lap  Beqalr«d  for  Perfeot  Lapplnff. 
The  first  requisite  of  perfect  lapping  is  a  perfect  lap,  and  rigbt  here 
1b  wbere  the  novice  will  make  hla  first  mletake,  that  Is.  in  the  prep- 
aration of  ttae  lap.  To  make  a  surface  lap,  It  should  be  carefully 
planed,  strains  due  to  clamps  being  avoided,  and  then  It  sbould  be 
carefully  scraped  to  a  standard  surface  plate.  Tbla  is  done  by  rub- 
bins  tbe  face  of  the  lap  on  tbe  standard  surface  plate  and  scraping 
down  tbe  blgb  spots  until  a  perfect  plane  surface  is  obtained.  If  a 
standard  surface  plate  la  not  at  hand,  a  lap  can  be  made  level  by 
using  three  laps  that  are  nicely  planed  and  used  alternately  as  fol- 
lows.   We  will  number-  the  laps  Nob.  1,  2,  and  3.    Now,  rub  No.  1 


and  No.  2  together,  and  scrape  the  high  spots  until  they  Bl.  Tben 
introduce  No.  3  and  scrape  it  down  to  fit  No.  2,  and  then  to  fit  No.  1, 
and  so  on.  The  third  lap  eliminates  the  error  that  might  follow  If 
only  two  laps  were  used.  For  example,  It  Is  posaible  to  fit  two  plates 
accurately  together  without  making  them  plane  surfaces,  one  becom- 
ing concave  and  the  other  convex.  Tbe  third  lap  absolutely  prevents 
this  and  produces  a  perfect  plane  surface  if  time  and  patience  bold 
out.  It  Is  a  slow  operation,  but  not  so  slow  aa  trying  to  lap  a  piece 
true  with  a  lap  that  Is  not  true. 

The  Ol^eetion  to  Oround  Laps. 

The  laps  may  be  ground  together  Instead  of  scraping,  but  tbe  writer 

prefers  the  scraping  process,  as  it  Is  easy  to  see  when  tbe  Job  la  done. 
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It  la  also  better  to  Bcrape  them,  because  It  Is  quicker  than  attempt- 
ing to  grind  them  leve]  wltb  the  fine  grade  of  emery  that  Is  required 
for  nice  lapping,  and  It  must  be  remembered  that  when  ground  together 
the  laps  are  olreodi/  charged.  Hence,  the  necessity  of  using  a  fine 
grade  of  emery  if  they  are  ground  together. 

Using  e>  Hand  Siirftoe  Lap. 
The  writer  prefers  a  cast  Iron  lap.  Fig.  63.  thoroughly  charged,  and 
having  all  loose  emery  washed'  oft  wltb  gasoline.  When  lapping,  the 
surface  Is  preferably  kept  moist  with  kerosene,  although  gasoline 
causes  the  lap  to  cut  a  trifle  faster.  It  evaporates  so  rapidly,  however, 
that  tbe  lap  soon  becomes  dry,  and  the  surface  caked  and  glossy  In 


spots.  When  in  this  condition,  a  lap  will  not  produce  true  work.  Tbe 
lap  should  be  employed  so  as  to  utilize  every  available  part  of  Its 
surface.  Gently  push  the  work  all  around  on  Its  surface,  and  try  not 
to  make  two  consecutive  trips  over  the  same  place  on  the  lap. 

Do  not  add  a  freeh  supply  of  loose  emery  to  a  lap,  as  Is  frequently 
done,  because  the  work  will  roll  around  on  these  small  particles, 
which  will  keep  it  from  good  contact  with  tbe  lap.  cauBing  poor  results 
to  follow.  If  a  lap  is  thoroughly  charged  at  the  beginning,  and  ie 
not  crowded  too  hard,  and  is  kept  well  moistened.  It  will  carry  all 
the  abrasive  that  Is  required  for  a  long  time.  This  Is  evident,  upon 
reflection,  for  If  a  lap  Is  completely  charged  to  begin  with,  no  more 
emery  can  be  forced  into  it.  The  pressure  on  the  work  should  only 
be  sulBdeiit  to  Insure  constant  contact.  The  lap  can  be  made  to  cut 
only  BO  tost,  and  it  excessive  pressure  is  applied.  It  will  become 
"stripped"  In  places,  which  means  that  the  emery  which  was  imbedded 
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In  the  lap  hae  become  dlBlodged,  thus  making  an  uneven  surface  on 
tbe  lap. 

CAUsea  of  Scratches— OrtMlliiK  Bmery. 
Th«  causes  for  scratches  are  a.B  follows:  Loose  emery  on  the  lap; 
too  mucb  pressure  on  the  work  which  dislodges  the  charged  emery; 
and  what  Is,  perhaps,  the  greatest  cause,  poorly  graded  emery.  To 
produce  a  surface  having  a  high  polleh  free  from  Ecratches.  the  lap 
should  be  charged  with  emery  or  other  abrasive  that  Is  very  flne.  The 
so-called  "wash  flour  emery,"  sold  commercially,  le  generally  too 
uneven  In  grade.  It  is  advisable  for  those  who  have  considerabls  bigli 
class  lapping  to  do  to  grade  their  own  emery  In  the  following  man- 
ner:    A  quantity  of  flour  emery  is  placed  In  a  heavy  cloth  bag,  and 
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the  bag  gently  tapped.  The  flneet  emery  will  work  through  flrst,  and 
should  be  caught  on  a  piece  of  paper.  When  sufficient  emery  Is  thus 
obtained  It  Is  placed  in  a  disb  of  lard  or  sperm  oil.  The  largest  par- 
ticles of  emery  will  rapidly  sink  to  the  bottom,  and  in  about  one  hour 
tbe  oil  should  be  poured  into  another  dish,  care  being  exercised  that 
the  sediment  at  the  bottom  of  the  dish  Is  not  disturbed.  Tbe  oil  Is 
now  allowed  to  stand  for  several  hours,  say  over  night,  and  then  Is 
decanted  again,  and  so  on,  until  the  desired  grade  of  abrasive  Is  ob- 

For  the  information  of  those  not  well  acquainted  wttb  grading 
abrasives,  It  may  be  said  that  the  grade  of  diamond  dust  known  as 
"ungraded"  le  obtained  In  about  Ave  minutes,  while  It  requires  about 
tbree  weeks  to  obtain  the  grade  known  as  No.  5,  which  Is  very  One. 
But,  even  at  the  end  of  three  weeks  there  etlll  will  be  small  partlctea 
In  tho  oil  that  have  not  settled,  due  to  the  viscosity  of  the  oil. 
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To  lap  true  and  free  rrom  scratches.  oDe  musl  have  skill  and  be 
thoroughly  conversant  with  the  peculiar  Bounds,  touches,  and  motions 
spoken  of  above.  For  a  high  polish  on  uork,  a  rapid  motion  and 
Blight  pressure  are  neceBaary  for  BUPcesB._  It  is  also  necessary  that 
the  lap  Is  properly  charged  with  properly  graded  abrasive. 

tiapplng  Oftge  Jaws. 
Fig.  56  shows  the  best  method  that  has  come  to  the  writer's  notice 
for  lapping  the  Jaws  or  gages.  The  lap  is  made  of  cast  iron  and  la 
relieved  as  shown,  leaving  only  a  thin  edge  or  flange  on  each  side  to 
bear  against  the  Jaws.  As  the  machine  table  Is  worked  back  and 
forth,  the  lap  passes  over  the  entire  surface  of  the  Jaw,  grinding  it 
down  In  the  same  manner  as  would  be  done  with  a  cup  emery  wheel. 


Care  must  be  taken  to  clamp  the  gage  In  the  vise  so  aa  not  to  spring 
II.  Fig.  GT  iiiuHtrates  an  approved  method  for  holding  a  gage  so 
that  the  vise  Jaws  will  not  deflect  It.  Should  the  gage  be  sprung,  It 
Is  clamped  at  the  center  only,  leaving  the  ends  free.  Snap  gages  are 
now  mostly  made  of  machine  steel  and  pack-hardened.  Made  In 
this  way  they  do  not  change  much,  as  the  interior  of  the  gage  Is 
left  soft,  and  whatever  change  occurs  can  be  easily  remedied,  but  In 
any  case  the  method  illustrated  is  the  safest  one  to  follow,  for  it 
leaves  no  doubt  as  to  the  gage  being  held  free  from  spring  during 
the  lapping  operation. 

A  lap  should  be  turned  on  the  arbor  on  which  It  Is  to  be  used,  for 
it  Is  almost  ImposHible  to  put  a  lap  back  on  an  arbor  after  it  has 
been  removed,  and  have  it  run  true.  Therefore,  the  lap  should  be 
recessed  quite  deeply,  as  shown,  to  allow   for  truing  up  ea«h  time 
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the  lap  Is  placed  on  tbe  arbor.  Perbape  when  the  lap  ia  mounted 
on  an  arbor  in  the  mtUIng  machine.  It  will  be  found  to  run  out 
not  more  than  0.001  Inch,  but  that  means  that  it  1b  touching  the 
work  in  only  one  spot,  and  the  result  can  be  hardly  better  tlian  If  a 
fly-cutter  was  used  for  a  lap.  Fig.  68  shows  the  operation  of  truiug 
the  lap.  A  keen  cutting  tool  Is  clamped  In  the  viae  and  In  this  way 
the  lap  can  be  trued  as  nicely  as  though  It  were  done  In  the  lathe. 
In  fact.  It  la  superior,  lor  there  Is  absolutely  no  change  in  the  align- 
ment of  the  lap  with  the  work  spindle  after  it  Is  turned,  which  might 
easily  happen  should  tt  be  turned  in  the  latbe  and  then  mounted  In 
the  milling  machine  spindle.  With  a  perfectly  true  lap,  a  perfect 
contact  between  the  lap  and  gage  Is  insured  for  its  entire  circumfer- 
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ence.  Both  sides  of  the  lap  should  be  turned  at  the  same  setting 
on  the  arbor. 

Fig.  G9  shows  the  operation  of  charging  a  circular  lap,  nslng  a 
roller  mounted  in  a  suitable  handle  for  the  purpose.  The  emery  is 
rolled  In  under  moderate  pressure.  It  is  gcod  practice  to  make  the 
roller  of  hardened  steel,  and  after  charging  tbe  lap,  all  the  surface 
emery  should  be  thoroughly  washed  ofl. 

The  next  step  is  to  sQuare  up  the  Jaws  of  tbe  gage.  Do  not  depend 
on  tbe  zero  marks  of  tbe  vise.  The  Jaws  of  the  g^e  may  have  sprung 
a  little  In  hardening,  and  If  tbe  zero  marks  of  tbe  vise  are  depended 
upon  to  square  tbe  work,  there  possibly  will  not  be  sufficient  stock 
on  the  laws  to  clean  up.  Be  very  careful  to  set  tbe  gage  by  the  sur- 
face of  the  Jaws  and  to  clamp  it  in  tbe  vise  as  previously  noted,  bo 
that  It  Is  under  no  pressure  tending  to  spring  it  out  of  shape. 
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Wben  employing  a  power-actuated  lap.  tbe  little  iDBtrumeat  ebown 
In  Fig.  60  Ib  useful  In  determining  the  Instant  wben  tbe  lap  toucbes 
tbe  work.  By  placing  tbe  forked  end  on  tbe  work  and  the  wooden 
part  to  tbe  ear,  tbe  sound  Is  greatly  magnified,  and  It  makes  It  mucb 
easier  to  determine  the  precise  point  of  Initial  contact.  It  one  de- 
pends upon  tbe  naked  ear  to  tell  when  tbe  lap  touches  tbe  work,  be 
Is  llahle  to  crowd  tbe  lap  too  mucb.  jind  scratch  tbe  work  or  strip 
tbe  lap.  Wltb  this  Instrument  tbe  mechanic  will  know  the  Instant 
the  lap  just  toucbes  tbe  work,  and  this  Is  tbe  position  where  its 
work  should  be  done.  In  sbort,  tbe  lap  should  not  work  under  any 
appreciable  pressure,  but  should  simply  touch  tbe  work.  Hence  the 
desirability  ot  some  means  of  magnifying  tbe  sound  and  not  depend- 
ing on  the  naked  ear. 

The  workman  should  avoid   tbe  custom  of  adding  a  freah  supply 
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of  abrasive  to  tbe  lap.  as  It  is  not  only  Injurious  to  tbe  character  of 
the  product,  but  It  naturally  Increases  the  time  required  for  lapping. 
To  Illustrate  the  action,  suppose  that  an  arbor  Is  to  be  ground  In  a 
grinding  machine,  and  that  it  is  belted  so  that  it  runs  with  a  wheel 
at  the  same  speed.  The  consequence  will  be  that  no  grinding  action  ^ 
could  take  place,  as  there  would  be  no  difference  in  motion.  The  con- 
dition is  very  similar  wben  loose  emery  Is  placed  on  a  surface  lap. 
T\m  emery  simply  rolls  around  between  the  work  and  the  wheel, 
and  occasionally  a  piece  of  emery  Is  Imbedded  in  the  lap  long  enough 
to  scratch  the  work.  While  It  may  look  as  though  tbe  lap  was  cut- 
ting much  faster,  the  truth  is  that  It  cuts  slower  and  produces  poor 
work. 
In  lapping  Jaws,  some  workmen  round-lap.  and  then  flnlqh  by  hand, 


flnlqh  by  hand, 
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but  a  better  Job  will  result  wben  flnlehed  In  the  machine.  It  ta  poor 
practice  to  rough-lap  a  gage,  using  a  coarse  grade  of  emerjr,  and  then 
wash  the  lap  and  smear  It  with  fine  emery.  OC  course  the  lap  Is 
already  charged  with  a  grade  of  emery  last  used,  and  the  act  of  put- 
ting on  a  supply  ot  fine  emery  on  the  lap  will  not  produce  as  good 
a  surface  as  If  tbe  gage  were  flnlsbed  wltbout  the  fresh  supply  of 
emery,  though  the  latter  la  of  a  finer  grade. 
Lapping  Qatfea. 
Aaeume  tbat  a  l-lncb  plug  gage  is  to  be  lapped  to  aize.  Such  a  g^e 
needs  only  about  0.0015   Inch  for  lapping.    The  butalde  lap,  shown 


In  Fig.  62,  ahould  be  made  of  cast  Iron,  copper  or  lead,  and  the  bolder 
D  should  be  provided  with  adjusting  screws.  The  flour  emery  used 
ahould  be  sifted  through  a  cloth  bag  to  prevent  any  large  particles  of 
emery  entering  the  lap  and  scratching  the  gage.  After  alftlng  the 
emery  It  is  mixed  with  lard  or  sperm  oil  lo  the  consistency  of  a  thin 
paste.  The  gage  la  then  gripped  in  the  chuck  of  tbe  lathe  by  tbe 
knurled  end  and  ameared  with  emery  paste.  Tbe  lap  la  adjusted  to 
fit  snugly  on  the  gage  and  tbe  lathe  is  speeded  up  as  fast  as  possible 


without  causing  tbe  emery  to  leave  tbe  gage.  Tbe  lap  requires  con- 
stant adjusting,  to  take  up  tbe  wear  of  th«  lap,  and  reduction  in  size 
of  tbe  gage.  Wben  measuring  tbe  gage.  It  should  be  measured  at 
both  enda  and  In  the  center  to  make  sure  tbat  It  is  not  being  lapped 
tapering.  Wben  the  gage  baa  been  lapped  to  within  0.0002  loch  of 
the  finlabed  size,  allow  the  gage  to  thoroughly  cool  and  then  by  hand 
lap  lengthwise  of  gage  to  Ibe  finished  size.  By  so  doing  alt  minute 
ridges  that  are  caused  by  circular  lapping  are  removed,  tbereby  leav- 
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Ing  a  true  surface  and  also  Imparting  a  silvery  finish.  A  gage  should 
never  be  lapped  to  size  whtle  warm  {heated  by  the  friction  ot  the 
tap),  because  the  gage  expands  when  heated,  and  If  then  lapped  to 
size  It  will  contract  enough  to  spoil  It. 

In  grinding  out  the  Inside  of  a  ring  gage  considerable  dlfflculty  is 
experienced  in  adjusting  the  grinder  so  that  it  will  grind  straight. 
One  way  to  prove  the  stralghtness  of  a  bole  being  ground  is  to  move 
the  wheel  over  to  the  opposite  side  of  the  bole  until  the  wheel  will 


Just  barely  "spark,"  Then,  beginning  from  the  back  ot  the  hole, 
feed  out,  and  it  the  hole  is  Uperfng,  the  wheel  will  either  cease  to 
spark,  or  will  spark  considerably  more.  Another  and  better  way 
Is  by  by  means  of  the  multiplying  Indicator  gage,  Fig.  64.  By  fasten- 
ing the  indicator  to  the  spindle  of  the  grinder  and  placing  the  con- 
tact pin  of  the  indicator  on  the  opposite  side  of  the  hole  and  feeding 
in  and  out,  the  pointer  will  record  In  thousandths  of  an  inch  Just 
what  the  deflection  Is. 
A  ring  gage  should  be  made  as  shown  at  Fig.  61,  the  object  being 
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to  prevent  the  gage  becoming  "bell  muzzled"  while  lapping.  After 
the  gage  is  finished,  the  thin  projecting  web  C  is  ground  off,  leaving 
a  good  Btralgth  hole.  The  lap  used  tor  inside  work  Is  shown  at  Fig. 
63.  The  lap  can  be  made  to  always  fit  the  gage  by  merely  forcing 
the  lap  further  along  on  the  taper  arbor;  the  lap  being  Blotted  allows 
It  to  expand.  In  making  a  ring  gage  having  a  taper  hole  or  a  taper 
plug  gage,  it  is  necessary  to  employ  a  different  method  of  lapping, 
as  it  Is  Impossible  to  lap  a  taper  bole  with  a  taper  lap.  The  facts 
regarding  lapping  are  these:  First,  the  lap  must  fit  the  bole  at  all 
times;  secondly,  the  lap  must  constantly  be  moved  back  and  forth. 
Therefore,  If  a  taper  lap  is  made  to  St  the  taper  hole  it  will  lock 
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and  not  revolve.  If  held  In  one  place  tbe  lap  vll)  iitilckly  aasuma 
tbe  uneven  surface  of  the  hole.  If  the  operator  attempts  to  lap  a 
taper  hole  by  constantly  revolving  the  gage  on  a  straight  lap  be  will 
surely  dwell  longer  in  one  place  than  another,  thereby  making  a  hole 
that    Is   anytbing   but   round.    Tbe    following  method    1b,    therefore. 


used;  Having  ground  the  hole  to  size,  plus  allowance  (or  lapping, 
then,  without  disturbing  position  of  slide  rest  or  grinder  head,  change 
tbe  emery  wheel  tor  a  lap  made  of  copper — of  the  same  shape  as  the 
emery  wheel  with  the  exception  of  having  a  wider  face — and  lap  In 
the  same  manner  as  the  hole  was  ground,  care  being  taken  not  to 
"crowd"  the  lap. 


CHAPTER   VII. 


THE    ROTARY   LAP. 

In  Fig.  66  Is  shown  a  rotary  lap  24  inches  in  diameter.  Intended  to 
run  at  a  speed  about  300  revolutions  per  minute.  The  engraving  will 
give  a  clear  Idea  as  to  tbe  construction.  Some  men  think  that  If  tbe 
lap  has  a  true,  flat  surface,  any  one  can  produce  true  work,  but  such 
Is  not  the  case;  It  requires  conelderable  skill,  and  that  skill  can  be 
acquired  only  by  long  practice.  Many  machine  operatlone  can  be 
shown  to  another  person  and  tbe  principle  grasped  readily,  but  not 
so  with  lapping.  A  great  deal  of  ekill  Is  required  In  lapping  thin 
pieces,  small  straight-edges  or  long  narrow  bars.  It  Is  possible,  and 
reculres  no  skill  at  all,  to  lap  a  thin  piece  of  steel,  convex  or  con- 
cave, by  using  a  little  more  pressure  In  one  place  than  another,  and 
If  the  surface  of  tbe  lap  is  not  kept  sharp  it  will  soon  heat  and  warp 
the  work  out  of  true.  For  a  rotary  lap  kerosene  and  gasoline  used 
together  give  tbe  best  results;  but  a  band  lap  should  always  be  used 
dry.  Keeping  the  surface  of  tbe  rotary  lap  straight  and  true  Is  very 
Important  and  requires  good  Judgment  in  using  it.  Tbe  outer  edge 
runs  BO  much  faster  than  the  Inside  that  it  is  obviouB  that  it  it  is 
used  too  much,  either  in  the  middle.  Inside,  or  outside,  hollow  places 
will  be  worn  In  tbe  surface,  bo  that  It  Is  a  good  plan  to  use  the  lap 
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all  over  and  try  tbe  surface  treQuently  with  a  stralgbt-edge,  favoring 
tb«  htgta  places  when  using  It 

Tbe  rotaiy  lap  is  charged  by  sprinkling  carborundum  over  the  sur- 
face when  not  In  motion,  and  then  pressing  it  In  by  rubbing  witb  a 
piece  of  ronnd  Iron  held  In  both  bands.  An  old  pepper  box  wltb  a 
perforated  top  is  Just  tbe  thing  to  use  tor  sprinkling  carborundum. 


Tbe  lap  in  Ftg.  66  Is  made  of  an  ordinary  cast  Iron  disk  A  wltb  ribs 
on  the  bottom  and  anchor  groovea  on  the  top.  It  is  also  provided 
with  a  bub  and  a  abaft.  The  end  of  the  shaft  eupports  the  whole 
weight  of  tbe  lap  and  runs  on  a  hardened  convex  disk.    A  coating 
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of  lead  is  cast  over  tbe  surface  of  the  lap.  and  then  hammered  to 
make  It  compact.  A  galvanized  Iron  pan  B  Is  provided,  tbe  edges 
of  which  project  above  tbe  surface  of  the  lap  to  prevent  tbe  liquid, 
or  whatever  la  used,  from  flying  oft,  and  onto  everything  around. 
Another  bandy  device  on  this  lap  is  a  bar  which  is  provided  with 
ways  and  a  sliding  head  r  wbich  can  be  pushed  from  the  outer  edge 
to  the  center  of  tbe  lap.    The  bar  Is  fastened  to  lugs  which  proj^t 
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on  opposite  aides  ot  the  frame,  and  can  readily  be  removed  when  not 
tn  use.  The  bar  1b  alBo  provided  with  adjusting  screwB  lo  set  It 
parallel  with  the  surface  of  the  lap  or  to  Bet  the  sliding  head  square 
wltb  the  surface.  The  sliding  bead  has  a  square  corner  and  an  angle 
groove  which  can  be  used  Tor  lapping  the  ends  of  round  or  square 

The  engraving  Fig.  66  shows  a  good  way  ot  malitng  a  lap  for  cylin- 
drical work  la  the  lathe.  A  piece  of  wrought  iron  pipe  about  2  tnchea 
long,  wltb  a  number  of  5/16-luch  holes  drilled  through  will  answer 
the  purpose.  Face  one  end  of  the  pipe  so  that  It  will  stand  level  on 
a  surface  plate;  wrap  a  piece  of  heavy  paper  around  the  outside,  using 
rubtter  bauds  to  bold  It  on,  tben  form  a  lug  out  of  pasteboard  and 
clamp  that  on  any  side  of  tbe  pipe  so  that  several  of  the  holes  open 
Into  It;    secure  a  mandrel  tbe  same  size  as  the  piece  to  be  lapped. 


n 


twist  a  piece  of  string  In  a  spiral  around  the  mandrel.  Insert  It  In 
the  center  of  tbe  pipe,  and  pour  the  molten  lead  in.  When  cool,  drive 
out  the  mandrel  and  proceed  to  drill  and  tap  a  bole  for  a  thumb- 
screw In  the  center  of  the  lug;  then  slit  one  side  through  the  center 
of  the  lug  wltb  a  back  saw.  and  file  oB  all  sharp  edgee  and  burrs  so 
that  It  will  not  Injure  the  hands.  In  lapping,  the  faster  tbe  lap  Is 
drawn  back  and  forth  over  the  work  the  more  nearly  straight  tt  will 
be.  and  as  tbe  lap  wears  and  works  easy,  tbe  thumb-screw  is  given  a 
slight  turn  to  keep  It  in  contact  with  the  work. 

A  very  handy  tool,  which  Is  shown  in  Fig.  67,  is  almost  indispensa- 
ble tn  doing  work  with  the  rotary  and  hand  laps;  tt  ts  a  home-mads 
caliper  square.  The  taper  between  the  hardened  jaws  is  O.OOI  inch 
In  the  whole  length,  and  a  6-Inch  flexible  scale  Is  inserted  in  tbe 
I>eam.  One  Jaw  Is  graduated,  which  enables  one  to  see  how  far  the 
piece  will  elide  up  in  the  Jaws.  This  caliper  Is  not  used  so  much 
for  accurate  measurementa  as  for  accurate  sizing  for  parallelism  or 
duplicating  sizes. 
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CHAPTER  I 


CBNTEIPUGAL    AND    DISK    FANS 

Tbere  are  two  types  of  fans  In  common  use.  known  b.b  the  centrifu- 
gal tan  or  blower,  and  the  disk  tan  or  propeller.  The  former  constBts 
of  a  number  of  atralsht  or  slightly  curved  blades  extending  radially 
trom  an  axis  as  Bhown  In  Fig.  1.  When  the  fan  1b  In  motion  the 
air  In  contact  with  the  blailes  Is  thrown  outward  by  the  action  of 
centrifugal  force  and  delivered  at  the  outer  circumference  or  periphery 
of  the  wheel.  A  partial  Tacuum  is  thus  produced  at  the  center  of  the 
whe«l,  and  air  from  the  outside  flows  In  to  take  the  place  of  that 
which  has  been  discharged.  F^g.  3  illuBtrates  the  action  of  a  centrifu- 
gal fan,  the  arrows  showing  the  path  of  the  air.  This  type  of  tan 
Is  usually  enclosed  in  a  steel  plate  casing  of  such  form  as  to  provide 


tor  the  tree  movement  of  the  air  as  it  escapes  from  the  periphery  of 
the  wheel.  An  opening  In  the  circumference  of  the  casing  serves  as 
an  outlet  into  the  distributing  ducts  which  carry  the  air  to  the  vari- 
ous rooms  to  be  ventilated,  or  to  the  furnaces  In  the  caee  of  mechanical 
draft 

A  fan  with  casing  Is  shown  In  Fig.  2.  The  dlecharge  opening  can 
be  placed  In  any  position  desired,  either  up,  down,  top  horizontal, 
bottom  horizontal,  or  at  any  angle.  Where  the  height  ot  the  fan 
room  Is  limited,  a  form  called  the  three-quarter  housing  may  I>e  used, 
in  which  the  lower  part  of  the  casing  Is  replaced  by  a  bricic  pit  below 
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the  floor  level  (see  Fig.  4).  Another  form  ot  tbe  centrifugal  tan  Is 
Bbown  In  Fig.  6.  This  Is  known  aa  tbe  cone  fan  and  la  commonly 
placed  In  an  opening  In  a  brlcli  wall  and  dlscbargea  air  from  its 
entire  periphery  Into  a  room  called  a  plenum  chamber  with  which 
the  various  dialrlbuting  ducta- connect.  This  fan  Is  often  made  double 
by  placing  two  wheels  back  to  back  and  surrounding  them  with  a 
steel  casing  In  a  simitar  manner  to  tbe  one  shown  In  Fig.  2. 

Cone  fans  are  very  efllclent  and  are  capable  ot  moving  large  quan- 
tities of  air  at  moderate  speeds.  Fig,  5  shows  a  form  ot  small  direct- 
connected  exhauster  ccmmonty  used  for  venlllatlng  toilet  rooms, 
chemical  hoods,  etc..  and  for  turnlshlog  a  forced  draft  tor  forges  and 
small  boilers.    Centrlfuga.l  fans  are  used  almost  exclusively  for  sup- 


plying air  tor  the  ventilation  of  buildings,  for  forced  blast  heating 
and  for  mechanical  draft.  They  are  also  used  aa  exhausters  for  remov- 
ing the  air  from  buildings  when  the  resistance  is  considerable,  and 
the  quantity  of  air  lo  be  handled  Is  large. 

The  disk  fan  Is  similar  In  construction  to  the  propeller  ot  a  vessel 
and  moves  the  air  In  lines  parallel  to  Its  axis.  This  fan  is  made  In 
various  forme  with  both  flat  and  curved  blades.  Fig.  7  shows  one 
ot  tbe  various  designs  arranged  either  tor  betted  or  direct-connected 
motor.  This  type  ot  fan  Is  light  In  construction,  requires  but  little 
power  at  Ion  speeds  and  Is  easily  erected.  It  la  especially  adapted  to 
exhaust  ventilation  when  the  resistance  is  small,  being  conveniently 
placed  in  tbe  attic  or  upper  part  ot  a  building  and  driven  by  an  elec- 
tric motor.     Disk  tana  are  largely  used  for  the  ventilation  of  public 
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toilet  rooms,  emoklag  rooms,  restaurants,  etc..  and  are  often  con- 
nected with  the  matn  vent  flues  of  large  buildings,  sucb  as  schools, 
hallB,  churches,  theaters,  etc.  They  are  especlallr  adapted  lor  use  In 
connection  with  gravity  heating  systems  where  the  flow  of  air  through 
Tcnt  flues  is  apt  to  be  eluggish  in  mild  weather. 

Theory  of  Centrinigal  Fans 
Tht  action  of  a  fau  te  affected  to  such  an  extent  by  the  various  con- 
ditions under  which  It  operates  that  it  la  ImposBlble  to  give  fixed 
rules  for  determining  the  exact  results  to  be  expected  In  any  particular 
loBiance.  This  being  the  case,  It  seems  best  to  take  up  the  subject 
briefly  from  a  theoretical  standpoint,  and  then  show  what  corrections 
are  necessary  In  the  case  of  a  given  fan  under  actual  working  condi- 
tions.   As  already  stated,  the  rotation  of  a  fan  of  this  type  sets  In 


Fig.  4.    Fan  Pull;  EdcbhwI  bf  Brick  W^aJl  ^1^.  C.    VmElUIOr  Wbsal 

motion  the  air  between  the  blades,  which  by  the  action  of  centrifu- 
gal force  is  delivered  at  the  periphery  of  the  wheel  Into  the  casing 
surrounding  it.  As  the  velocity  of  flow  through  the  discharge  outlet 
depends  upon  the  pressure  or  head  within  the  casing,  and  this  In  turn 
upon  the  velocity  of  the  blades,  It  becomes  necessary  to  examine 
briefly  into  the   relations  existing  between  these  quantities. 

if  a  vessel  ae  shown  In  Fig.  8  be  fllled  with  water,  a  certain  pres- 
sure will  be  exerted  upon  the  bottom,  depending  upon  the  depth  and 
temperature  of  the  water.  If  the  weight  of  a  cubic  inch  of  water  at 
a  temperature  of  50  degrees  is  0.036  of  a  pound  (called  its  density 
at  that  temperature)  and  the  depth  of  the  water  in  the  vessel  is  SO 
Inchee,  then  the  pressure  upon  each  square  Inch  of  the  bottom  will 
be  the  weight  of  a  column  of  water  having  a  sectional  area  of  one 
square  Inch  and  a  height  of  20  Inches,  which  in  the  above  cnee  Is  20  X 
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0.036  =  0.72  of  a  pound;  bo  that  for  general  use  we  may  write  p  = 

P 
h  X  d.  or  A  =  — ,  In  which 
d 

A  =  the  height  of  the  column  of  water,  called  the  head, 

d  =  the  density  of  the  water, 

p^the  pressure  produced. 

If  h  is  taken  in  Inches  and  d  In  ounces  per  cubic  inch,  then  p  will  be 
in  ounces  per  square  inch.  If  h  is  in  feet  and  d  In  pounds  per  cubic 
root.  P  will  be  In  pounds  per  square  foot  and  bo  on,  depending  upon 
the  units  taken.  When  dealing  with  water  pressure  it  is  customary 
to  take  such  units  as  will  give  p  In  pounds  per  square  Inch, 


Fiff,  a,    Con4  fmn  FlftcAd  In  Opening  In  Srlck  WaU 

In  the  case  of  air  pressure  Id  connection  with  fans,  ounces  per 
square  Inch  la  the  aipression  commonly  used. 

If  s.  pipe  be  Inserted  in  the  side  of  the  vessel  ( Fig.  9)  at  any  given  dis- 
tance from  the  surface  of  the  water,  and  a  supply  of  water  be  provided 
sufBclent  to  keep  the  level  constant,  a  pressure  of  A  X  d  will  be  ex- 
erted at  the  entrance  to  the  pipe,  causing  the  water  to  flow  through 
it  The  height  h  In  this  case  Is  called  the  total  head  producing  flow, 
and  Is  divided  into  three  parts,  as  follows:  The  entrv  kead.  that  re- 
quired to  overcome  the  resistance  to  entry  into  the  pipe;  the  friction 
or  pressure  head,  that  required  to  overcome  the  resistance  due  to  the 
friction  of  the  water  in  the  pipe,  and  the  velocilji  head,  which  is  that 
used  In  giving  motion  or  velocltjr  to  the  water  flowing  through  the 
pipe 

The  entry  head  depends  upon  the  form  of  entrance  to  the  pipe,  and 
with  smooth  rounded  edges  is  inappreciable.    The  friction  head  d«- 

GOOQ 


CENTRIFUGAL  FANS  T 

pends  upon  the  length  and  size  of  the  p1p«,  the  Interior  surface,  tbe 
number  of  bende  and  the  quantity  of  water  SowinE  through  It.  The 
velocity  head  Is  the  same  as  the  height  through  which  a  body  must 
fall  In  a  vacuum  to  acquire  the  velocity  with  which  the  water  flows 
Into  the  pipe.  Tbla  Is  given  by  the  formula  for  falling  bodies, 
w" 

h= In  which 

20 

ft  =  the  head  In  feet, 

v^the  velocity  in  feet  per  second, 

0  ^  the  acceleration  due  to  gravity,  which  is  equal  to  32.16. 

This  may  also  be  written  In  the  form  of  v  =  •j2~o1\. 

In  applying  this  to  the  flow  of  air  from  &  fan  casing,  It  is  customary 
to  consider  only  the  last  two,  and  if  tbe  outlet  Is  short  and  properly 
formed,  the  friction  head  may  be  neglected  also.    When  the  tan  Is 


to  be  used  tor  moving  air  through  ducts  and  flues  in  its  practical 
application  to  ventilation,  the  effect  of  frictional  resistance  Is  added 
and  must  be  provided  for  as  stated  later.    We  have  seen  that  v^ 

,  P  P 

\j2gh,  and  that  h^ — .    Substituting  —  for  h  In  the  above  formula. 


'=vj=»7'' 


which  V  is  the  velocity  In  feet  per  second  of  a 


liquid  flowing  from  one  chamber  Into  another,  where  the  dlBerence  In 
pressure  Is  p  and  the  density  is  d. 

Applying  this  to  tbe  case  of  dry  air  at  a  temperature  of  50  deg.  F, 
and  allowing  for  the  change  In  density  as  It  passes  from  a  higher  to  a 
lower  pressure,  the  formula  becomes  for  the  small  differences  In  pres- 
sure employed  in  ventilating  work, 

1 17460.>9  X  p 
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In  whlcb  V  iB  in  re«t  p«r  aecond,  and  p  in  ounces  per  sauare  inch. 

Table  I,  computed  from  the  above  formula,  la  taken  from  "Mechanical 
Draft."  publlsbed  by  the  B.  F.  Sturtevant  Co.,  and  gives  the  velocity 
of  dry  air  at  a  temperature  of  50  deg.  F.  flowing  Into  tbe  atmos- 
phere under  different  Initial  presBuree. 

A  simple  approximate  formula  giving  very  nearly  the  same  results 
for  air  at  50  deg.  1b  v  =  es.6  \/'K.  in  wblcb  v  Is  tbe  velocity  In  feet  per 

TABId  I,    VSLOOITT  OV  CRT  AIR  A' 


Pressure  in  Ounces 

Feet  per  S«COn<l. 

Feet  per  Uioute. 

i 

48  0& 

3585.0 

62. 75 

8166.1 

60.90 

8658.8 

« 

68.07 

4084.0 

74.54 

447S.6 

i 

80,50 

4829.7 

86.03 

5161.7 

1* 

0«.t3 

5768.0 

second  as  before,  and  h  tbe  pressure  expressed  In  Inches  ot  water  as 
Indicated  by  tbe  balanced  height  of  a  column  of  that  liquid  In  a  water 
gage.    Pressure  in  Inches  of  water  column  may  be  reduced  to  ounces 
per  square  Inch  by  multiplying  by  0.58, 
Example. — A  pressure  of   Vt    of  an   ounce  will  produce  a  velocity 


T^^^ 


'         \ 

s  1 

6 

'' 

1 

/   i 

1. 

ot  43.08  feet  per  second,  and  a  pressure  of  1  ounce  will  produce  a 
velocity  o(  86.03  feet  per  aecond,  and  so  on. 

Tbe  presBure  wltbln  a  fan  casing  is  caused  by  tbe  air  being  thrown 
from  the  tips  ot  the  blades,  and  varies  with  the  velocity  of  rotation, 
that  Is,  the  higher  tbe  speed  of  the  fan  the  greater  will  be  the  pressure 
produced. 

When  tbe  various  dimensions  of  a  fan  and  casing  are  properly 
proportioned,  the  velocity  ot  air-flow  through  the  outlet  will  be  the 
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same  as  thai  of  the  tipe  of  the  blades,  and  tbe  pressure  within  the 
casing  will  be  that  corresponding  to  tbls  velocity.  From  tbis,  It  Is 
evident  that  by  knowing  the  diameter  and  speed  of  any  given  fan  we 
can  determine  the  peripheral  velocity  and  find  at  once  rrom  Table  I 
tbe  pressure  produced  within  the  casing. 

Blast  Area 
When  the  outlet  from  a  fan  casing  is  small,  tfie  air  will  pass  out 
with  a  velocity  equal  to  that,  of  the  tips  ol  the  blades,  and  the  pressure 
within  tbe  casing  will  be  that  corresponding  to  tbe  tip  velocity. 
Now  If  the  opening  be  slowly  Increased,  while  the  speed  of  tbe  fan 
remains  constant,  tbe  air  will  continue  to  flow  with  tbe  same  velocity 
until  a  certain  size  Is  reached.  Tbe  pressure  In  the  casing  will  now 
begin  to  drop  and  tbe  velocity  of  outflow  become  less  than  the  tip 


"fr 

Preuure  in  Oudgm  per  Sqn 

™  Inch 

Fan 

m."l 

iD  teet. 

1 

1 

t 

• 

1 

f 

' 

1} 

'* 

2' 

«l 

004 

688 

660 

713 

760 

832 

918 

1005 

H 

839 

408 

466 

630 

670 

615 

667 

784 

804 

8' 

374 

886 

888 

488 

476 

S13 

648 

613 

670 

«*' 

385 

268 

88S 

872 

407 

489 

469 

625 

674 

4' 

306 

233 

291 

836 

8S6 

884 

411 

469 

303 

*!' 

188 

S34 

3S8 

389 

816 

842 

866 

408 

447 

5' 

IM 

ao2 

382 

3«0 

383 

808 

329 

867 

403 

6' 

18T 

166 

lb4 

317 

288 

266 

374 

808 

835 

7" 

117 

144 

166 

186 

208 

220 

285 

262 

887 

8' 

108 

136 

146 

168 

178 

193 

205 

280 

351 

9' 

93 

113 

129 

144 

168 

171 

188 

204 

228 

Iff 

83 

101 

116 

130 

142 

164 

164 

184 

301 

or  peripheral  velocity.  The  effective  area  of  outlet  at  the  point  when 
Ibis  change  begins  to  take  place  Is  called  tbe  capticity  area  or  hlatt 
area  of  tbe  fan.  This  varies  somewhat  with  different  types  and 
makes  of  tans,  but  for  the  common  form  of  blower  it  Is  approximately 
one-third  of  tbe  projected  area  of  tbe  fan  opening  at  the  periphery. 


tbat  is  - 


,  in  which  D  is  the  diameter  of  tbe  fan  wheel  and  t 


its 


width  at  the  circumference  (see  Fig.  10). 

Table  II  gives  the  speed  of  fans  of  dilTerent  diameters  necessary  to 
malniain  various  pressures  over  an  effective  area  equal  to.  or  less  than 
the  blast  area  of  tbe  fan.  The  speeds  given  are  in  revolutions  per 
minute,  and  are  taken  from  "Mechanical  Draft." 

As  a  matter  of  fact  tbe  outlet  of  a  fan  casing  is  always  made  larger 
than  tbe  blast  area,  so  tbat  in  actual  practice  the  figures  given  Id 
tbe  following  table  must  be  corrected  by  certain  factors  as  explained 
later. 
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TheorsttDal  Capacltp 

It  we  assume  the  effective  outlet  area  of  a  fan  to  be  equal  to  the 
blaat  area,  Its  capacity  at  auy  given  speed  can  be  computed  sa  shown 
In  the  tollowing  esample.  A  fan  5  feet  In  diameter  has  a  width  of  2 
feet  at  the  tips  of  the  blades.  What  quantity  of  air  will  It  dlacharge 
at  a  speed  of  200  revolutlona  per  minute? 

Dk  6X2 

Taking  the  blast  area  as ,  we  And  it  to  be =  3.33  square 

3  3 

feet. 

At  a  speed  of  200  revolutions  the  Up  velocity  of  the  tan  will  be  3.1416 
X  5  X  200  =  3,141  feet  per  minute. 

Therefore  the  air  delivered  by  the  fan  Is  3.33  X  3,141  =  10,469  cubic 
feet  per  minute.        * 

What  win  be  the  capacity  of  the  same  Ian  working  under  a  pressure 

TABIA  in.    TOLUm  OF 


Cubic  feet  of  Dry  Air  «t 

Horie  Power  required 

Preuure  in  Obdcbs 

which  will  be  Discharged 

to  move  the  Given 

par  Square  Incb 

IhrouKb  an  Orifice  hav- 

Volume  of  Air  nsder  the 

ine.nE«eclIveAr« 

Given  CondlUoni. 

of  1  iquare  inch. 

17.00 

.00188 

21.96 

.00220 

26.87 

.0084S 

as.sft 

.00488 

81.06 

.00680 

88. «4 

.00600 

1 

8S.85 

.00078 

H 

40.06 

.01866 

of  hi  ounce,  and  what  will  be  the  required  speed?  Looking  at  Table  I 
we  find  the  velocity  corresponding  to  %  ounce  pressure  to  be  3.653.8 
feet  per  minute;  therefore,  the  capacity  of  the  fan  is  3.33  X  3,653.8  = 
12,167  cubic  feet  per  minute. 

The  required  epeed  may  be  taken  directly  from  Table  II,  where  It 
Ib  found  to  be  232  revolutions  per  minute. 

Power  Bequlred  to^Move  Air 

The  work  done  by  a  fan  In  moving  air  1b  represented  by  the  prea- 
eure  exerted  multiplied  hy  the  distance  through  which  It  acta.  This 
is  expressed  In  foot-pounds  by  the  equation  W=:PJ.7,  In  which 

TF^work  done,  in  fcot-pounda  per  minute, 
■  P^presBure  at  discharge  opening,  in  pounds  per  square  toot, 

A  ^  area  in  square  feet,  over  which  pressure  P  1b  exerted. 

V  =  the  velocity  of  flow,  through  discharge  outlet.  In  feet  per  mln- 


The  horse-power  required  lor  moving  air  through  any  given  a 
discharge  is  given  bT  the  formula 


n  of 
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d  =  denBlt]r  of  the  air  at  the  given  temperature. 

a  =  effective  area  of  dtscbarge  outlet,  in  equar«  ioches. 

v=:  velocity  of  flow.  Id  feet  per  second. 

Table  III  (from  '■Mechanical  Draft")  gives  the  volume  of  air  tn 
cubic  feet,  which  will  be  dlecbarged  per  minute  through  an  effective 
area  of  1  square  iucb  under  different  pressures;  also  the  H.  P.  re- 
quired for  moving  these  quantities  of  air  under  the  different  condi- 
tions. This  table  gives  only  the  power  necessary  for  moving  the 
air,  and  does  not  tahe  into  conelderation  the  friction  of  the  air  In 
passing  through  the  fan  nor  that  ot  the  fan  itself.  Th«  additional 
power  required  to  offset  these  losses  will  be  taken  up  later. 

Example:  The  effective  area  of  a.  fan  outlet  Is  480  square  inches, 
and  the  pressure  within  the  casing  is  ^  ounce  per  square  inch.  What 
volume  of  air  will  be  discharged  per  minute,  and  what  H.  P.  will  be 
requlied,  neglecting  friction? 

From  Table  III  we  find  that  for  M:  ounce  pressure,  25.37  cubic  feet 
ei  air  will  be  discharged  per  minute  through  an  area  of  1  square 
Inch,  at  an  expenditure  of  0.00346  H.  P.  Therefore,  the  total  quantity 
discharged  will  be  480X25.37^12,177  cubic  feet,  requiring  480  X 
0.00346  =  1.06  H.  P. 

BelfttloQ  Between  Volume,  Presaure  and  Power 

It  can  be  shown  mathematically  that  the  tollowing  relations  are 
true  In  the  case  ot  an  ideal  fan,  and  teste  have  shown  them  to  be 
approximately  correct  lor  fans  in  actual  operation,  (1)  The  volume 
of  air  delivered  varies  directly  as  the  speed  of  the  fan,  that  Is,  dou- 
bting the  number  of  revolutions  doubles  the  volume  of  air  delivered. 

(2)  The  pressure  varies  as  the  square  of  the  speed;  for  example, 
If   the   speed    is   doubled,   the   pre^ure   is   increased   2x2^4   times. 

(3)  The  power  required  to  run  a  fan  varies  as  the  cube  of  the  speed; 
that  Is,  if  the  speed  is  doubled  the  power  required  Ib  Increased  2  X  2  x 
2  =:  8  times. 

The  value  of  a  knowledge  of  these  relations  may  be  Illustrated  by 
the  following  example.  Suppose  (or  any  reason  It  was  desired  to 
double-  the  volume  of  air  delivered  by  a  certain  fan.  At  first  thought 
we  might  decide  to  use  the  same  fan  and  run  it  twice  as  fast;  but 
wben  we  come  to  consider  that  the  power  would  have  to  be  increased 
e.lghi  times,  it  la  probable  that  it  would  be  much  cheaper  in  the  end 
to  use  a  larger  fan  and  run  it  at  a  lower  speed. 
Blfect  of  Temperature 

All  computations  and  tables  given  thus  far  have  been  based  on  a 
temperature  of  50  degrees  F. 

Raising  the  temperature  ot  air  causes  it  to  expand  and  therefore 
reduces  its  density,  or  weight  per  unit  ot  volume.  This  fact  is  of 
much  importance  where  fans  are  used  for  Induced  draft,  as  the  tem- 
perature of  the  gases  commonly  ranges  from  300  degrees  to  600  de- 
grees. T^ble  IV,  also  from  "Mechanical  Draft,"  shows  the  effect  on 
the  speed  and  power  of  a  fan  when  the  temperature  of  the  air  Is  in- 
creased.    In  the  following  example  It  is  assumed  tor  simplicity  that 
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tbe  effective  outlet  area  Is  equal  to  the  blast  area  in  each  of  the  fans 
considered. 

Examvle:  From  Table  II  we  see  that  a  4-foot  fan  running  at  a 
speed  of  411  revolutions  per  minute,  will  produce  a  pressure  of  1 
ouDce.  and  looking  In  Table  III  we  find  that  It  will  discharge  35.86 
cubic  feet  of  air  per  minute  at  a  temperature  of  50  degrees  through  an 
effective  area  of  1  square  Inch,  with  an  expenditure  of  0.00978  H.  P. 
If  the  width  of  tbe  tan  is  18  inches  at  the  tips  of  the  blades,  the  blast 


1  may  be  taken  i 


48  X  18 


i  square  inches,  from  which  the 
=  10,324  cubic  feet  per  minute,  requiring 


delivery  will  be  35.85  x 
0.00978  X  288  =  Z.8H.P. 

Let  us  now  assume  the  air  to  be  heated  to  a  temperature  of  500  de- 
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grees  and  see  what  conditions  are  necessary  to  handle  the  same 
weight  per  minute.  Looking  in  Table  IV  for  a  temperature  of  500 
degrees  we  find  that  tbe  volume  becomee  10,324  X  1.38  =  19,409  cubic 
feet,  and  the  speed  of  fan  necessary  to  move  this  quantity  is  411  X  1.33 
=  772  revolutions  per  minute,  requiring  an  expenditure  of  2.8  X  3.&G^, 
9.97  H.P. 

Suppose  the  above  fan  to  be  used  for  supplying  a  forced  draft  of  t 
ounce  to  a  battery  of  boilers,  and  it  is  desired  to  change  to  induced 
draft  where  the  gases  are  to  pass  through  the  fan  at  a  temperature  of 
600  degrees,  what  size  and  speed  of  fan  will  be  required  to  produce 
the  same  intensity  ot  draft  (suction  in  this  caae)  and  what  horse- 
power will  be  required  to  run  It? 

It  is  evident  that  the  weight  ot  air  required  will  be  the  same  In 
each  case.  This,  tor  forced  draft,  we  found  to  be  10,324  cubic  feet 
per  minute  at  a  temperature  of  50  degrees,  and  Tabia  I  shows  that  a 
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periplieral  velocity  of  5,1G1.T  feet  per  minute  was  required  to  produce 
tbe  pressure  of  1  ouuce  at  this  temperature. 

ReferrlDg  to  Table  IV,  columns  2  and  5,  we  find  that  after  raising 
the  air  to  a  temperature  o(  50O  degrees  a  volume  ot  10,324  X  1.88  ^ 
19,409  cubic  feet  per  minute  is  to  be  handled  br  the  fan,  requiring  a 
peripheral  velocity  of  5,161-'  X  1.37  =  7,071.6  feet  per  minute  to  main- 
tain the  same  pressure.  As  the  velocity  of  flow  through  the  discbarge 
outlet  is  practically  the  same  as  that  ot  the  fan  tips,  the  required 
blast  area  of  fan  will  be  19,409-^7,071.5  =  2.74  square  feet  =  394 
square  Inches.  Assuming  a  fan  SO  inches  in  diameter,  we  have  394  =: 
60 

— 19.7,  or  in  round  numbers,  20  inches  as  the  required  width  at  the 
3 

periphery.  This  gives  a  fan  of  very  nearly  the  same  proportions  as 
the  4-root  fan  first  used.  The  circumference  of  a  G-foot  fan  Is  18.8 
feet,  therefore,  7,071.5,  the  required  peripheral  velocity,  divided  by 
18.8  ^37S  revolutions  per  minute,  the  required  speed  of  the  fan.    The 
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H.  P.  required  by  the  4-toot  fan  in  handling  the  same  weight  of  air 
at  50  degrees  was  2.8.  Referring  to  Table  IV,  column  7,  we  find  that 
the  power  required  to  deliver  the  same  weight  ot  air  at  the  same  pres- 
sure at  a  temperature  of  500  degrees  is  1.S8  times  as  great,  or  2.8  X 
1,SS  =  5.2H.P. 

Having  taken  up  the  centrifugal  fan  from  a  theoretical  standpoint 
and  noted  Its  action  under  tdeaJ  conditions,  we  will  now  consider  It 
when  working  under  the  requirements  of  actual  practice,  and  show 
what  corrections  must  be  made  to  the  various  rules  and  formulas 
previously  given. 

Oaneral  Proportions 

The  general  form  of  a  ton  wheel  Is  shown  in  Fig.  11.  which  repre- 
sents a  double  spider  wheel  with  straight  blades.    Those  over  4  feet 
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In  diameter  usually  have  two  spiders,  while  fans  ol  large  size  are 
often  provided  with  three  or  more.  The  number  of  blades  or  floats 
commonly  varies  from  bIz  to  twelve,  depending  upon  the  size  of  fan. 
They  are  made  both  curved  and  etralgbt;  the  former,  it  is  claimed, 
run  more  (juietly,  but  If  curved  too  much  will  not  work  so  well  against 
a   high    pressure    as   tbe   latter   form.    Pig.    12    represents  a   section 


through 


Dla^lTAm  of  Polt  Houabiff,  tbr  Vm*  with  Tkbls  V 

I  tan  wheel  a^d  shows  the  principal  dlmenBlone  to  be  c 


The  following  proportions  are  averages  taken  from  tans  of  different 
sfzes  as  made  by  several  manufacturers  tor  general  ventilating  and 
similar  work  and  will  be  found  to  vary  slightly  from  tbe  proportions 
giver,  by  any  one  maker. 

Tbe  diameter  of  tbe  Inlet  (d)  usually  varies  from  0.66  to  0.7  of  t^ 


a 


DtesniD  of  Tluve.qtuiw  BaaMiv,  to'  Om  wllh  TsbU  VI 

diameter  of  the  wheel  (D);  0.63  has  been  used  in  the  following  tables 
as  a  fair  average.  The  distance  from  the  center  to  the  heel  of  tbe 
blades  (E)  is  generally  made  0.25  of  tbe  diameter  of  the  wheel. 

The  width  W  varies  somewhat  in  fans  designed  for  different  pur- 
posee.  In  tbe  makes  examined  it  averaged  from  O.GO  to  0.G4  of  tbe 
diameter,  and  0.52  has  been  used  In  tbe  tables  following. 
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The  width  at  the  periphery  should  he,  theoretically,  such  that  the 
area  of  outlet  around  the  entire  wheel  will  he  the  same  ae  the  sum 
of  the  openiugB  between  the  blades  at  the  Inlet,  but  in  actual  practiM 
U  is  made  somewhat  greater,  averaglnK  from  O.T  to  0.8  of  the  width 
of  the  wheel.  For  convenience  the  relatlona  between  the  different 
parts  of  the  wheel  may  be  expressed  by  the  following  equations; 

dr=0.68D,  TV  =  0.62  D, 

E  =  0,25  0,  to  =  0.8ir. 

in  which 

D^  diameter  ol  wheel, 

d  ^  diameter  of  Inlet  to  wheel, 

£^diBtance  from  center  of  tan  to  heel  of  blades, 

■R'  =  width  of  fan  at  inlet, 

icr=  width  of  fan  at  periphery- 

These  proportions,  as  already  stated,  do  not  represent  those  of  any 
particular  make,  nor  follow  any  fixed  rule,  but  are  general  averages 


as  found  from  the  catalogue  dltnenslons  of  several  well-known  manu- 
facturers. 

Fans  are  made  both  with  double  and  single  inlets;  the  former  being 
called  "blowers"  and  the  latter  "exhausters." 

The  dimensions  of  the  casing  or  housing  vary  somewhat  with  differ- 
ent makers  and  can  be  obtained  from  their  catalogues.  The  dimen- 
sions given  m  Tables  V  and  Vt  are  taken  from  the  catalogue  of 
the  B.  F,  Sturtevant  Co.  and  wilt  be  found  useful  in  the  design  of 
ventilating  systems  In  approximating  the  space  required.  In  case 
any  particular  make  of  fan  Is  to  be  used,  the  exact  dimensions  should 
be  obtained  from  the  manufacturers,  especially  If  the  available  space 
is  limited. 

The  scroll  of  the  casing  la  usually  made  np  of  the  arcs  of  three 
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circles  ot  dl(ter£nt  radii,  and  ihe  following  method  will  be  found  use- 
ful In  laying  out  a  fan  casing  to  scale.     (See  Pig.  13.) 

First  draw  the  center  IIdcb  and  lay  off  tbe  distances  OA.  OB,  00 
and  OD  from  the  catalogue  dimensions  of  the  fan  to  be  used.  Then 
with  a  radius  R,  equal  to  OB.  and  a  center  at  O,  draw  the  arc  Aa; 
with  the  same  center  and  a  radius  fi,  ^qual  to  0,C  draw  the  arc  bC, 
lay  oft  O0.=:0  0t  and  with  a  radius  R,  equal  to  0,i  and  a  center  at 
0,  draw  the  arc  AC.  The  other  bounding  lines  can  then  be  drawn  In 
from  dimensions  taken  from  the  catajogue  table.  The  width  of  the 
casing  is  practically  the  width  of  the  wheel  with  a  small  allowance 
for  clearance. 

rorm  of  Orifice 

The  form  of  the  opening  through  which  the  air  passes  when  under 
pressure  has  a  certain  eSect  upon  the  quantity  discharged,  and  makes 
It  less  than  the  theoretical  amount  which  the  size  of  opening  and  dif- 
ference In  pressures  would  indicate. 

This  reduction  la  due  to  two  causes,  first,  to  a  contraction  of  the 
stream  within,  or  Just  beyond  the  opening,  depending  upon  its  form; 
and  second,  to  a  certain  amount  o(  friction  which  tends  to  reduce  the 
velocity  eomewbat. 

The  ratio  between  the  actual  quantity  o(  air  discharged  and  tbe 
theoretical  quantity  is  called  the  "coefBcient  ot  discharge"  and  may 
be  taken  as  shout  0.8  for  the  short  outlet  from  a  tan  casing,  and  as 
0.66  for  the  Inlet. 

E.iample:  Tbe  pressure  within  a  fan  casing  Is  H  ounce  per  square 
inch,  and  tbe  area  of  the  outlet  is  4  square  feet.  What  will  be  the 
actual  discbarge  In  cubic  feet  per  minute? 

From  Table  I  the  velocity  corresponding  to  a  pressure  ot  ^^  of  an 
ounce  ia  found  to  be  3,653.8  feet  per  minute,  which  gives  a  theoretical 
discharge  of  3.653,8  X  4  =  14.S15.Z  cubic  feet  per  minute.  To  find  the 
actual  quantity  we  must  multiply  this  result  by  the  coeBlclent  of  dis- 
charge, which  gives  us  14,615.2  X  0.8  =  11,692.16  cubic  feet  per  minute. 

The  quantity  of  air  discharged  through  any  given  opening,  divided 
by  the  velocity  of  flow.  Is  called  tbe  effective  area.  In  the  preceding 
example  11,692.16  -i-  3.653.8  =  3.2  square  feet,  which  Is  the  effective 
area  of  tbe  outlet,  while  4  square  feet  is  the  actual  area. 

Sometimes  the  conditions  of  the  problem  are  such  that  It  Is  stated 
as  fellows;  The  pressure  within  a  fan  casing  la  Mi  ounce,  and  the 
outlet  Is  4  square  feet,  how  much  must  tbe  pressure  be  Increased  to 
make  the  actual  discbarge  equivalent  to  tbe  theoretical  at  the  original 
preEsure?    It  can  be  shown  mathematically  that  the  ratio  of  the  theo- 

1 
retical  pressure  to  the  actual  pressure  required  Is  — .  In  which  K  Is  the 

coefBcient  of  discharge.    Taking  this  as  0.8  for  a  fan  outlet,  tbe  ratio 
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In  the  above  example  the  theoretical  dischtirse  is  3,653.8  x  i  ^= 
14,61d.2  cubic  feet  per  minute,  in  which  It  is  assumed  that  4  square 
feet  le  the  effective  area  of  the  outlet.  In  order  to  make  the  actual 
discharge  equal  the  theoretical,  using  the  same  sized  outlet.  It  will  be 
necessary  to  increase  the  preseure  hy  1.56,  which  gives  us  %  X  1-56  ^ 
0,78  o^  an  ounce. 

Blast  Area 

While  the  blast  areae  oT  fans  of  different  diameters  are  sligbtly 
Dw 

different  for  varying  proportions,  the  formula applied  to  standard 

3 
fans  will  be  found  sufficiently  accurate  for  ordinary  use,  in  view  of  the 
approximations  which  must  be  made  later  in  the  assumption  of  pres- 
sures to  be  operated  against,  due  to  the  friction  ot  the  air  in  ducts 
and  flues. 

AsRumlng  w  =  0.8  W.  and  substituting  for  W  Its  equivalent,  0.62  D. 
we  have  for  the  blast  area  A  =  D  X  0.8  X  0.52  D  x  0.33  =0.14  D'. 

Dta.  of  FsD  in  Feet.  Blast  Area,  in  sq.  ft. 

3  1.26 
3^i  1.72 

4  2.24 
4^  2.84 
6  3.60 

6  5.04 

7  6.86 

8  8.9« 

9  11.34 
10  14,00 

Table  VII  gives  the  blast  sress  (or  fans  of  different  diameters,  com- 
puted by  the  above  method,  which  will  be  found  to  correspond  very 
closely  with  those  calculated  by  more  complex  methods  for  fans  of  ap- 
proximately the  same  proportions. 

Actual  Capacity 

In  the  examples  given  under  Theoretical  Capacity,  it  was  assumed 
that  the  effective  area  of  outlet  was  equal  to  the  blast  area,  so  that 
the  velocity  of  outflow  could  be  taken  the  same  as  the  tip  velocity.  In 
actual  practice  the  effective  area  ot  outlet  is  always  made  greater 
than  the  blast  area  and  consequently  the  actual  volume  of  air  dis- 
charged IB  greater  than  the  theoretical.  On  the  other  hand,  the  pres- 
sure drops  below  that  due  to  the  tip  velocity  and  the  velocity  of  flow 
through  the  outlet  is  correspondingly  less. 

The  size  of  discharge  outlet  varies  somewhat  for  different  makes, 
but  for  a  large  number  of  fans  examined  it  was  found  to  average  about 
J. 23  times  the  blast  area  ae  computed  hy  the  preceding  method.  As- 
suming a  coefDcient  ot  discbarge  of  0.8,  it  gives  as  the  effective  area  of 
discharge,  0.8  X  2.23  =  1.78  times  the  blsst  area. 

A  series  of  carefully  conducted  tests  made  some  time  ago  upon  an 
enclosed  fan  of  practically  the  proportions  taken,  showed  the  pressure 
producing  the  flow  of  air  through  the  outlet  to  be  about  0.7  of  that  due 
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to  the  peripheral  velcclty,  when  the  effective  area  ot  outlet  waa  made 
l.TS  tlmee  the  blast  area  as  computed  above.  Calculations  baaed  upon 
teats  made  by  one  of  the  leading  manufacturere  of  fans  ot  similar  prO' 
portions  give  practically  tbe  same  result. 

Ws  have  seen  that  the  velocity  corresponding  to  any  given  preaaure, 
or  In  other  worda,  the  peripheral  velocity  neceaaary  to  produce  any 
desired  pressure  may  be  found  by  the  formula: 

tor  air  at  50  degrees  temperature,  when  the  effective  area  of  outlet  ia 
equal  to  or  less  than  the  blast  area. 

If  increasing  tbe  effective  outlet  area  to  1.78  times  the  blast  area 
causes  tbe  pressure  to  drop  to  0.7  that  due  to  the  peripheral  velocity, 
we  must.  In  order  to  again  bring  tbe  pressure  up  to  Its  original  point, 
Increase  tbe  velocity  of  the  fan  tips  to  a  speed  given  by  the  equation 


=  «fl.5, 


I— 


Assuming  an  original  pressure  (ft)  of  1,  it  is  found  that  the  tip  velocity 
must  be  multiplied  by  1.2  In  order  to  produce  this  result. 

This  may  be  made  clearer  by  an  f llustration ;     A  6-toot  fan  running 
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at  a  speed  of  194  revolutions  per  minute  produces  a  preaaure  ot  Mi 
ounce  with  a  dlacharge  outlet  having  an  e(!-ictive  area  equal  to  the 
blast  area.  It  tbe  effective  discharge  outlet  la  made  1.78  times  the 
blast  area,  at  what  speed  must  the  fan  be  run  to  maintain  the  same 
pressure,  that  is  Vi  ounce? 

194  X  1.2  =  233  revolutions  per  minute. 

Table  VIII  gives  tbe  cubic  feet  of  air  discharged  per  minute  by  fans 
of  different  diameters  when  run  at  such  speeds  as  will  produce  the 
pressures  Indicated  at  the  head  of  each  column.  These  results  were 
obtained  by  assuming  tbe  effective  area  of  discharge  outlet  equal  to 
1.78  tim«B  the  blast  area,  and  multiplying  this  area  In  square  inches 
by  the  quantities  for  the  corresponding  pressures  as  given  In  Table  III. 
The  results  are  given  to  the  nearest  ten.  for  quantillea  leas  than  10.000. 
and  to  tbe  neareat  fifty  for  those  above  10.000. 

Table  IX  givea  the  apeeds  of  fana  of  different  aizes  necessary  to 
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maintain  Tarlous  preSBures  over  effective  discharge  areas  equal  to  1.78 
times  the  blast  areas.  These  results  are  obtained  by  multlplrlng  the 
BpeedB  given  in  Table  II  by  1.2. 

Horse- power  Bequlred 

The  power  required  for  moving  a  given  quantity  of  air  under  dif- 
ferent conditions  is  given  In  Table  III.  This,  however,  does  not  In- 
clude that  necessary  for  overcoming  the  friction  of  the  fan  or  the 
paasage  of  the  air  through  it. 

The  efficiency  of  a  tan  varies  with  the  speed,  the  size  of  outlet,  and 
the  presBure  against  which  It  is  working.  Under  favorable  conditions, 
properly  proportioned  fans  should  have  an  efflclency  o(  about  40  per 
cent,  although  they  often  fall  considerably  below  this.  The  horse- 
power given  In  Table  X  for  different  sized  fana  Is  obtaltied  by  multiply- 
ing the  effective  area  of  outlet,  In  square  Inches  (blast  area  X  l.TS)  by 
mNtiTB  OP  cnrntiPDOAi.  taxk 
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the  quantities  given  In  column  three  of  Table  III,  and  dividing  the 
result  by  0.4  (the  efficiency). 

Effect  of  Besletance 

The  effect  of  adding  resistance  to  the  flow  of  air  from  a  fan  by  con- 
necting It  with  a  series  of  ventilating  ducts  or  the  furnace  of  a  boiler 
Is  the  same  as  would  result  from  partially  closing  the  discharge  outlet. 

Carefully  conducled  tests  upon  this  type  of  fan  have  shown  that 
the  reduction  of  air  flow  is  very  nearly  in  proportion  to  the  reduction 
of  discharge  area.  That  is,  If  the  outlet  of  the  tan  Is  closed  to  one- 
half  Us  original  area  the  quantity  of  air  discharged  will  be  practically 
one-batf  that  delivered  by  the  fan  with  a  free  opening.  Tests  also 
show  thst  the  required  horse-power  varies  approximately  as  the  quan- 
tity of  air  discharged.  The  effect  of  attaching  a  fan  to  the  ventilating 
dues  of  a  building  like  a  schoolhouse,  church,  or  ball,  where  the  ducts  . 
have  easy  bends  and  the  velocity  of  air  flow  through  them  Is  not  over 
1.000  to  1,200  feet  per  minute.  Is  about  the  same  as  closing  the  outlet 
from  10  to  20  per  cent.  For  factories,  with  deep  heaters  and  smaller 
ducts,  where  the  velocity  of  air  flow  runs  up  to  1.500  or  l.SOO  feet  per 
minute,  the  effect  Is  equivalent  to  closing  the  outlet  from  20  to  30  per 
cent,  or  even  more  in  very  large  buildings. 
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For  the  average  mecbanlcal  draft  plant,  tbe  effect  Is  about  the  Bame 
as  for  factory  ventilation,  that  la,  a  reduction  of  area  from  20  to  30  per 
cent. 

In  bulldingB  similar  to  schoolbousee  and  cburches.  it  has  been  found 
In  practice  that  fans  of  the  blower  type,  faavlng  curved  floata,  operate 
quietly  and  give  good  reaulte  vben  run  at  a  speed  corresponding  to 
one-half  ounce  pressure  at  the  discharge  outlet;  this  gives  &  speed 
of  about  3.S00  feet  per  minute  al  the  clrcnmference  of  the  wheel.  Higher 
BpeedB  are  accoiDpanted  with  greater  expenditure  of  power  and  are 
likely  to  produce  a  roaring  noise  or  cause  vibration.  A  much  lower 
speed  does  not  provide  aufflcleot  pressure  to  give  proper  control  of  the 
air  distribution  during  strong  winds.  For  factories  and  similar  build- 
ings, a  higher  pressure  of  three-fourths  ounce  or  more  la  generally 
employed.  In  the  case  of  mechanical  draft,  a  pressure  of  three-fourths 
to  one  ounce  is  usually  required  for  forced  draft,  and  from  one-halt  to 
three-fourths  ounce  for  induced  draft. 

Eiample:    A  schoolhouse  requires  an  air  supply  ol  62,000  cubic  feet 
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of  air  per  minute.  What  size  and  speed  of  fan  will  be  required,  and 
what  will  be  the  necessary  horse-power  of  engine,  assuming  the  re- 
BlBlance  to  be  equal  to  reducing  the  discharge  outlet  20.pcr  cent? 

As  the  effect  of  the  resistance  Is  the  same  as  reducing  the  discharge 
opening,  and  consequently  the  air  quantity,  20  per  cent,  we  must  look 
52,000 

in  Table  VIII  for  a  (an  capable  of  delivering ^  65,000  cubic  feet 

O.S 
of  air  per  minute,     in  the  column  headed  %  ounce  pressure  we  find 
that  an  S-foot  fan  will  deliver  64,550  cubic  feet,  and  Is  the  size  we 
should  use. 

Table  IX  shows  ue  that  a  fan  of  this  size  must  be  run  at  a  speed  cf 
l'J5  revolutions  per  minute  to  produce  a  pressure  of  '^s  ounce.  In  Table 
X  we  find  that  28  horsepower  Is  required  to  run  the  fan  at  a  speed  to 
produce  this  pressure  when  discharging  Into  free  air.  Under  the  condl- 
llous  of  the  problem,  with  the  outlet  restricted  20  per  cent,  the  required 
power  would  be  28  X  0.8  =  2:J.4  H.  P. 
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Actually  tbe  pressure  is  Increased  slightly  by  restrtcttng  the  outlet 
at  constaot  speed,  but  this  IB  seldom  taken  Into  account  In  ventilating 
work  as  air  volume  and  power  required  are  tbe  quantities  sougbl. 

Uechaulcal  Drafi 

Theoretically,  about  12  pounds  at  air  are  required  to  bum  one  pound 
of  average  coal  or  coke.  In  practice,  however,  with  natural  dratt.  it 
Is  necessary  to  supply  about  twice  this  amount,  to  secure  complete 
corabuBtlon,  owing  to  tbe  difficulty  of  briuging  tbe  air  into  contact  with 
the  entire  body  of  coal.  With  mechanical  draft  and  deeper  fires,  this 
quantity  may  be  reduced  to  aliout  18  pounds  per  pound  of  coal,  which 
is  equivalent  In  round  numl>ers  to  230  cubic  feet  at  a  temperature  .of 
50  degrees  F.  Assuming  a  coal  consumption  of  5  pounds  per  horse- 
power per  hour,  calls  for  an  air  supply  of  G  X  230  =  1,150,  or  practi- 
cally 1,200  cubic  feet  of  air  per  boiler  horse-power  per  hour. 

The  size  of  fan  and  power  required  for  supplying  a  given  quantity 
of  air  at  a  stated  pressure  may  be  determined  In  tbe  same  manner  tor 
forced  draft  bb  illustrated  in  the  preceding  example,  except  that  the 
resistance  may  be  taken  as  equivalent  to  a  reduction  of  about  26  per 
cent  instead  of  20  per  cent  In  air  volume  and  horse-power,  at  a  given 
speed  or  pressure. 

In  the  case  of  Induced  draft  a  correction  must  be  made  tor  tbe  effect 
of  higher  temperature  of  gases  passing  through  tbe  tan.  Tbe  proper 
size  and  speed  of  fan  In  ttiiB  case,  together  with  the  power  of  engine, 
may  be  found  by  first  computing  them  for  an  air  temperature  of  GO  de- 
grees and  then  making  corrections  as  shown  below. 

Let  us  assume  the  average  temperature  of  the  gases  from  the  fur- 
nace to  be  650  degrees.  Referring  to  Table  IV,  we  find  that  tbe  vol- 
ume of  a  given  weight  of  air  at  this  temperature  becomes  1.98  times 
that  at  GO  degrees  <coluran  2),  and  that  the  peripheral  speed  of  taa  re- 
quired to  produce  a  given  pressure  Is  1.41  times  as  great  (column  5), 
also  that  the  necessary  power  is  Increased  1.98  times  when  a  properly 
proportioned  fan  la  used  (column  7).  The  horse-power  can  evidently 
be  obtained  at  once  by  multiplying  that  already  computed  by  1.93. 

As  we  wish  to  keep  the  pressure  the  same,  and  to  move  the  same 
weight  of  air.  It  will  be  necessary  to  increase  tbe  peripheral  velocity 
of  the  fan  by  1.41;  tbe  speed  required  for  doing  this  can  be  fixed  after 
determining  the  size  of  fan.  Prom  column  3  we  find  that  the  relative 
velocity  of  flow  due  to  the  same  pressure  at  this  higher  temperature  ia 
1.41.  Therefore,  If  the  pressure  Is  to  remain  constant,  the  volume  ot 
air  moved  1.98  times  as  great,  and  the  velocity  of  flow  through  the 
outlet  1.41  times  that  o(  air  at  GO  degrees,  the  effective  area  of  outlet 
1.88 

must  be ^  1.4  times  that  of  the  fan  used  tor  delivering  the  air 

1.41 
at  the  lower  temperature. 

We  may  then  select  a  tan  having  approximately  this  size  of  outlet 
and  obtain  the  necessary  speed  In  revolutions  by  dividing  the  required 
peripheral  velocity  by  the  circumference  of  tbe  fan  wheel. 
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For  other  temperatures,  tbe  method  will  be  the  same,  altbough  the 
ntioe  from  Table  IV  will  vary. 

Eixample:  Determine  size  and  speed  and  power  required  tor  driving 
a  fan  used  in  producing  an  induced  dratt  ot  %  ounce  for  a  battery 
of  (Miters  aggregating  670  horse-power.  We  find  first  6T0  X  1,200  =: 
804,000  cubic  feet  of  air  per  hour,  or  804.000  -<-  60  =  13,400  cubic  feet 
per  minute.  Aasuming  the  resistance  as  equivalent  to  restricting  tbe 
area  of  outlet  0.25,  we  mual  ioolt  in  Table  VIII  under  %  ounce  prea- 
suro  (or  a  fan  delivering  13.400  h-  0.75  =  17,866  cubic  feet,  where  we 
find  that  a  4-toot  tan  will  deliver  17,»00  cubic  teet. 

Table  IX  shows  us  that  a  speed  ot  427  revolutions  per  minute  la 
required  to  produce  this  pressure,  and  Table  X  gives  the  necessary 
power  as  9.1,  which  multiplied  by  0.75  Is  6.8,  or  in  round  numbers,  7 
horsepower.    Assuming  the  temperature  ot  the  gases  to  I>e  550  de- 
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grees,  and  referring  to  Table  IV,  we  find  tbe  following  ratios  or  multi- 
pliers;    Volume,  1.98;  velocity  due  to  same  pressure,  1.4;  peripheral 
speed  to  produce  same  pressure,  1.4;  power,  1.98. 
The  effective  area  of  outlet'of  a  4-toot  fan  is  2.24  X  l.TS  =  4  square 
1.9S 

feet;  therefore  the  required  area  la  x  4  :=  5.6  square  teet.    The 

1.4 
fan  having  an  outlet  area  corresponding  roost  nearly  to  this  Is  s  5-foot, 
whose  outlet  ia  3.5  x  178  =  6.2  square  teet.  Although  this  is  slightly 
larger  than  called  for,  we  can  depend  upon  tbe  automatic  regulator 
to  keep  the  speed  at  the  required  point  lo  supply  the  necessary  air 
volume.  The  required  peripheral  speed  is  427  X  12.6  (circumference 
of  4-toot  wheel)  X  1.4  =  7,532  feet  per  minute.  The  circumference 
of  a  5-toot  fan  is  15.7  feet;  therefore,  7,532  -=-  IE.7  =  480  revolutions 
per  minute,  whicb  is  the  required  speed  of  the  larger  tan.  The  final 
horse-power  is  7  X  1.9li  =  13.86,  or  14  in  round  numbers. 
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Disk  Fans 

The  capacity  of  disk  fane  varlea  greatly  with  the  type  and  condi- 
tions under  which  they  operate.  The  rated  capaclttes  given  In  cata- 
logues are  for  fans  revolving  In  tree  air;  that  U.  mounted  In  an  open- 
ing without  being  connected  with  ducts  or  working  against  a  realet- 
ance.  Disk  fane  of  the  type  shown  f&  Figa.  14  and  15.  when  working 
against  a  low  resistance  such  as  Is  commonly  encountered  In  ventilat- 
ing work  where  the  air  te  drawn  or  forced  through  ducts  of  medium 
length  at  velocities  not  exceeding  600  or  800  per  minute,  propel  the 
air  In  a  direction  parallel  to  the  shaft,  a  distance  equal  to  about  0.6 
of  the  diameter  for  each  revolution.  From  this  ve  have  the  equation 
C  =  0.6  D  K  A  X  A,  in  which 

(7^  cubic  feet  of  air  delivered  per  minute, 

i)^  diameter  of  fan  In  feet, 

R  =i  revolutions  per  minute. 

A.  =  area  of  fan  In  square  feet. 

Dia.  of  Fan.lnches  Cubic  (1.  per  Revolution 


21.0 
32.0 
62.0 
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In  order  to  obtain  the  beet  results  the  linear  velocity  of  alr-fiow 
through  the  fan  should  not  average  over  1.000  feet  per  minute,  nor 
exceed  1,200  feet  as  a  maximuin. 

Table  XI  gives  the  volume  of  air  delivered  per  revolution  tor  fans 
of  dlBerent  diameter  based  upon  the  above  formula. 


600  0.12 

TOO  0.20 

800  ,      0.30 

900  0.35 

1.000  0.40 

1,100  0.45 

1  200  0.55 

The  power  required  per  cubic  foot  of  air  delivered,  depends  upon 
th*!  velocity  of  flow  through  the  fan. 

Table  XII  gives  the  horse-power  required  per  thousand  cubic  feet  of 
air  for  difltrent  velocities  moved  through  the  fan. 
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HEATERS    FOR    HOT    BLAST    AND    VENTILATION 

The  best  type  ot  heater  for  any  particular  case  will  depend  upon 
the  volume  and  final  temperature  of  the  atr,  the  steam  pressure  and 
the  available  space.  When  the  air  la  to  be  heated  to  a  high  tempera- 
ture for  both  warming  and  ventilating  a  building  as  in  the  case  of  a 
Bhop  or  mill,  or  for  drying  purposes,  heaters  of  the  general  form 
shown  in  Figs.  16.  18,  and  19  are  used.  These  may  also  be  adapted  to 
all  classes  ot  work  by  varying  the  proportions  as  required.  They  can 
be  made  shallow  and  of  large  superficial  area  for  the  comparatively 


low  temperatures  used  In  purely  ventilating  work,  or  deeper,  with  less 
height  and  breadth,  as  higher  temperatures  are  required. 
D«Bcrtptian  of  Types  of  Heaters 
Pig.  18  shows  the  general  construction  of  the  standard  hot  blast 
heater  of  the  B.  F.  Sturtevant  Company.  This  consists  of  several  sec- 
tional cast  iron  bases  with  loops  ot  wrought  iron  pipe  connected  as 
shown.  The  steam  enters  the  upper  part  of  the  bases  or  headers  and 
passes  up  one  side  of  the  loops,  then  across  the  top  and  down  on  the 
other  Bide,  where  the  condensation  Is  taken  off  through  the  return 
drip,  which  is  separated  from  the  inlet  by  a  partition.  These  beaters 
are  made  up  in  sections  ot  2  and  4  rows  of  pipes  each,  and  can  be 
made  any  depth  desired  by  adding  more  sections.    The  height  varies 
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from  3H  to  9  teet  and  the  width  from  3  feet  to  T  feet  In  the  ataadard 
sizes.  They  are  usually  made  up  of  one-lncb  pipe,  although  1^  Inch 
is  commonly  used  In  the  larger  sizes. 

For  convenience  in  estimating  the  approximate  dimensions  of  a 
heater.  Table  XIII  Is  given.  The  standard  heaters  made  by  different 
manufacturere  vary  somewhat,  but  the  dimensions  glv^n  in  the  table 
represent  average  practice.  Column  3  gives  the  square  feet  of  heat- 
ing surface  in  a  single  row  of  plp^s  of  the  dimensions  given  In  col- 
umns 1  and  2,  and  column  4  gives  the  free  area  between  the  pipes. 

In  calculating  the  total  height  of  the  beater  add  1  foot  for  the  base. 
These  sections  are  made  up  of  1-lnch  pipe  except  the  last,  or  7-toot 
sections,  wblch  are  made  of  lV4-lncb  pipe. 

Fig.  16  shows  tbe  miter  type  of  the  Sturtevant  beaters,  with  single- 
chambered  inlet  and  outlet  sections.    Tbis  arrangement  provides  atno- 


lute  freedom  of  expansion  and  perfect  circulation.  Steam  is  admitted 
at  tbe  top  of  the  inlet  section,  and  the  drips  removed  from  the  end  of 
the  outlet  section.  Heaters  of  this  type  are  usually  enclosed  In  a  steel 
caslcs  as  shown  in  Fig.  29,  although  bricic  walls  are  often  used  tor 
heaters  of  large  size. 

Flf.  IT  illustrates  tbe  construction  of  a  4-plpe  section  of  the  beater 
made  by  the  American  Blower  Company,  and  Fig.  19  tbe  same  heater 
complete,  without  its  steel  plate  casing.  This  bflMter  is  similar  in  ap- 
pearance to  the  one  Just  described,  but  ditTers  somewhat  In  Its  con- 
struction. Tbe  base  is  divided  lengthwise  by  an  inside  partition,  » 
that  tbe  two  pipes  or  legs  of  each  loop  connect  with  different  chambers, 
one  of  which  connects  with  the  steam  supply  and  the  otber  with  the 
return. 

Fig.  20  shows  a  special  form  of  heater  particularly  adapted  to  ventl- 
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Jating  work  where  the  air  does  not  have  to  be  raised  above  75  or  SO 
degreea.  It  la  made  up  of  1-Inch  wrought  Iron  pipe  connected  with 
supply  and  return  headere;  each  section  coataina  14  pipes,  that  Is,  2 
piped  wide  and  T  pipes  deep,  and  they  are  usually  made  up  In  groups 
of  6  sections  each.  These  colls  are  supported  upon  T-lrons  resting 
upon  a  brick  foundation.    Heaters  of  this  form  are  usually  made  to 


extend  across  the  side  of  a  room  with  brick  walla  at  the  sides  Instead 
of  being  encased  In  steel  housings. 

Figs.  21,  22.  and  24  stiow  the  "Vento"  cast  Iron  hot  blast  heatera  made 
by  the  American  Radiator  Company.  This  type  of  heater  Is  to  be  used 
under  the  same  conditlona  as  the  pipe  beaters  already  described.  Pig. 
21  shows  a  group  of  sections  and  Illustrates  the  general  construction 
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and  method  of  connection.  Fig.  22  sbowB  the  Mctlona  arranged  in  a 
stack,  five  rows  deep;  and  Fig.  24  the  same  stack  with  its  steel  casing 
and  the  euppl7  and  return  connections. 

Cast  iron  indirect  radiators  of  the  pin  pattern  shown  in  Fig.  23  are 
well  adapted  for  nee  In  connection  with  mechanical  ventilation,  and 
also  for  heating  where  the  air  volume  is  large  and  the  temperature 
not  too  high,  as  In  churches  and  liallB.  They  make  a  convenient  form 
of  heater  [or  achoolhouse  and  similar  work,  tor  being  shallow,  they 
can  be  supported  upon  I-beams  at  audi  an  elevation  that  the  con- 


deneatlon  may  be  returned  to  the  boilers  by  gravity.    In  the  case  of 

vertical  pipe  heaters  the  bases  are  below  the  water-line  of  the  hollers. 

and  the  condensalion  must  be  returned  by  the  nee  of  traps  and  pumps. 

Bfflclency  or  Pipe  Heaters  and  Calculation  of  Sizes  Required 

The  efficiency  of  ibe  beaters  used  In  connection  with  forced  blast 
varies  greatly,  depending  upon  the  temperature  of  the  entering  air,  its 
velocity  between  the  pipes,  the  temperature  to  which  It  is  raised,  and 
the  steam  pressure  carried  In  the  heater.  The  general  method  in 
which  the  heater  is  made  op  is  also  an  Important  factor. 

In  designing  a  heater  of  this  kind,  care  must  be  taktn  that  the  free 
area  between  the  pipes  Is  not  contracted  to  such  an  extent  that  an 
excessive  velocity  will  be  required  to  pass  the  given  quantity  of  air 
through  it.  In  ordinary  work  It  Is  customary  to  assume  a  velocity  of 
800  to  1,000  feet  per  minute:  higher  velocities  call  for  a  greater  pres- 
sure on  the  fan  which  Is  not  desirable  in  ventilating  work. 
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Height  of  Heating  Surface. 


11.0 
12.0 
13.0 
14.0 
15.6 
16.8 
18.0 
19.2 
21.0 


In  tbe  beaters  shown,  about  D.4  of  ttae  total  area  Is  free  for  tbe 
passiige  of  air;  tbat  Is,  a  tieater  5  feet  wide  and  6  feet  high  would 


FROMTVIEW  END  VIEW  ' 

Fljr  90     Bpaclsl  Hacur  u«d  tu  Vauaiatliis  Work 

have  a  total  area  of  5  X  6  =  30  square  feet,  and  a  free  a 
the  pipes  of  30  X  0  4  ■=  12  square  fee(.  The  dppth  or  number  of  rows 
of  pipe  does  not  aReet  the  free  area,  although  the  friction  is  Increased 
and  Additional  work  Is  thrown  "pon  the  fan.     The  efflclency  In  anjr 
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given  heater  will  be  increased  by  increasing  the  velocity  of  the  air 
through  ft,  hut  the  final  temperature  will  be  diminished,  that  ia,  a 
larger  quantity  ot  air  nil!  be  heated  to  a  lower  temperature  in  the 
second  case,  and  white  the  total  heat  given  off  Is  greater,  the  air 
quantity  Increases  mere  rapidly  than  the  heat  quantity,  which  causes 
a  drop  in  temperatiire. 
Increasing  the  number  of  rows  of  pipe  In  a  keater  with  a  constant 


air  quantity  Increases  the  final  temperature  of  the  air  but  diminishes 
the  etSclency  of  the  heater,  because  the  average  difference  in  tempera- 
ture between  air  and  aieam  is  less.  Increasing  the  steam  pressure 
in  the  heater  (and  consequently  Its  temperature)  Increases  both  the 
final  temperature  of  the  air  and  the  efficiency  of  the  heater.  Table 
XIV  has  been  prepared  from  different  testa  and  may  Im  used  as  a 
guide  In  computing  protiable  results  under  ordinary  working  condi- 
tions.    In  thia  table  it  Is-  aesumed  that  the  air  enters  the  beater  at  a 
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temperature  ot  zero  and  passes  between  the  pipes  with  a  velocity  ot 
800  feet  per  minute.  Column  1  gives  the  number  o(  rows  of  pipe 
Id  the  heater  and  columite  2,  3,  and  4  the  final  temperature  of  the  air 
for  different  steam  pressures.  Columns  5.  6,  and  7  give  approximately 
the  corresponding  efficiency  of  tlie  heater. 

Example:    Air  passing  through  a  heater  10  pipes  deep  and  carrying 
20  pounds  pressure  will  be  raised  to  a  temperature  ol  90  degrees  and 


Pl«.  aa.    "Veoto"  CMt  Iron  BuWr 

the  heater  .will  have  an  efficiency  of  1.650  B.  T.  U.  per  square  foot  of 
surface  per  hour. 

For  a  velocity  ot  1.000  feet,  multiply  the  temperatures  given  in  the 
table  by  0.9  and  the  efflciencies  by  1.1. 

Example:  How  many  square  feet  of  radiation  will  be  required  to 
raise  600,000  cubic  feet  of  air  per  hour  from  zero  to  SO  degrees,  with 
a  velocity  through  the  heater  ot  SOO  feet  per  minute  and  a  steam 
pressure  of  5  pounds?  What  must  be  the  total  area  of  the  heater  front 
and  how  many  rows  of  pipes  must  it  have? 

The  B.  T.  U.  required  la  found  by  multiplying  the  volume  ot  air  by 
the  desired  rise  in  temperature  and  dividing  the  result  by  55;  hence 
600,000  X  80  -=-  55  =  872,737  B.  T.  U.  are  required. 
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ReterrlDE  to  Table  XIV  we  And  that  for  the  above  coadltlona  a 
heater  10  pipes  deep  is  required,  and  that  an  efflclency  of  1.600  B.  T.  U. 
will  be  obtained.  Then  372,727  -:-  1,500  ^  582  square  feet  of  surface 
Is  required,  which  may  be  taken  as  600  In  round  nuubere.  600,000  -h 
60  =  10,000  cubic  fe«t  of  air  per  minute,  and  10,000  ->  800  =:  12.5 
square  feet  of  free  area  required  through  the  heater.    If  we  assume 


Velocity  at  air  between  ttie  pipes.  600  feet  per  m 


Steam  Pressure  is  Heater.  Steam  Pressure  in  Heater. 

RowBo( ■ . . 

Pipe  Deep      Gibs.            SOIbi.           UU  lbs.  fi  lbs.              a) lbs              flOlba 

4  30  35  45  1600  ISOO  2000 
6                 50               55               65  1600             ISOO             2000 

5  65  70  85  1600  1650  1850 
10  80  90  105  1500  1660  ISSO 
12  S5  105  125  1600  1650  1850 
14  105  120  140  1400  1500  1700 
16  120  130  160  1400  1500  1700 
18  130  140  160  1300  1400  1600 
20               140             150             170  1300             1400             1600 

0.4  Of  the  total  beater  front  to  be  free  for  the  passage  of  air,  then 
12.5  -J-  0.4  ^  31.25  square  feet,  total  area  required. 
The  general  method  of  computing  the  size  of  heater  for  any  given 


Pig.  33.    Hd  tTp«  Ha>l«r 

building  which  is  to  be  both  ventilated  and  warmed  by  a  bot-blast 
system.  Is  the  same  as  In  the  case  of  Indirect  beating.  First  obtain 
the  B.  T.  U.  required  for  vendlallon.  and  to  that  add  the  beat  loss 
through  walls,  etc.,  and  divide  the  result  by  the  efficiency  of  the  heater 
under  the  given  conditions. 

Example:     An   audience   hall   is   to   be   provided   with   400,000   cubic 
feet  of  air  per  hour.    The  beat  loss  through  walls,  etc..  Is  250.000  B.  T. 
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U.  per  hour  In  zero  weatber.    What  will  be  tbe  size  of  heater,  and  bow 
tnaDy  rowB  of  pipe  deep  must  tt  be,  with  20  pounds  steam  pressure? 


400,000  X   70  -^  &5  =  509,090  B.  T.  U.  for  ventilation.    Therefore 
250.000  +  609,090  =  759,090  B.  T.  U.,  total  to  be  supplied. 
We  must  next  find  to  what  temperature  the  entering  air  must  be 
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raised  In  order  to  bring  in  the  required  amount  of  heat,  bo  that  the 
number  of  rows  of  pipe  in  the  heater  may  be  obtained  and  its  cor- 
responding efflcieDcy   determined.    We   have   entering   tbe   room   ; 
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purposes  of  TentllatloD,  400,000  cubic  feel  of  air  every  hour  at  a  tern* 
perature  of  TO  degrees,  and  the  problem  nov  becomes,  to  what  tem- 
perature must  tbiB  air  be  raised  to  carry  In  250,000  B.  T.  U.  additional 
lor  varmlng? 
We  know  tbat  1  B.  T.  U.  will  raise  55  cubic  feet  of  air  1  degree. 


INCOMJNa  AtB,0*niHRENHEtT.8TEAM  PRESSUHE 
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Then  250,000  B.  T.  U.  will  raise  250.000  X  55  cubic  feet  or  air  1  degree. 
Thus  250,000  X  55  -(-  400,000  :=  34  degrees,  required  escesa  tempera- 
ture. The  air  tn  this  case  must  then  be  raised  to  TO  +  34  =  104 
degree!  to  provide  for  both  ventilation  and  wanning.  Referring  to 
Table  XIV  we  find  tbat  a  beater  12  pipes  deep  will  be  required,  and 
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that  the  correepODdlng  efficiency  ot  the  heater  will  be  1.650  B.  T.  U. 
Then  769,090  -^  1.650  =  460  square  feet  oF  surface  required. 
H«atliiff  BurToce  Bequlred  for  Factories 
Tbe  proportional  heatlDg  surface  for  factory  beating  Is  generally 
expressed  In'  the  number  of  cubic  feet  in  the  building  for  each  linear 
foot  of  1-lncb  steam  pipe  in  the  heater.  On  tbta  basis,  in  factory 
practice,  with  all  of  the  air  taken  from  out  of  doors,  there  are  gen- 
erally allowed  from  100  to  150'cublc  feet  of  apace  per  foot  of  pipe, 

INITIAL  AIR  TEMPERATURE,U*FAHRENHE1T,  STEAM  PRESSURE,  S  POUNDS. 
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according  to  whether  exhaust  or  live  ateam  Is  used,  live  steam  here 
Indicating  steam  of  about  SO  pounds  pressure.  If  practically  all  of 
the  air  Is  returned  from  the  buildings  to  the  heater,  these  figures  may 
be  raised  to  about  140  as  a  minimum,  and  possibly  200  as  a  maximum, 
per  loot  of  pipe. 

Tsmperature  and  Condenaatloo  Charts 

The  accompanying  "temperature"  and  "condensation"'  charts.  Figs. 
26  and  27,  show  the  results  obtained  with  the  "Vento"  cast  iron  heater, 
and  the  data  given  therein  correspond  to  that  found  In  Table  XIV  for 
pipe  heaters.  These  charts  explain  themselves  and  require  no  fur- 
ther description. 

Indlreot  Pin  Badlatora 

Heaters  made  up  ot  Indirect  pin  radiators  of  the  usual  depth  have 
an  efficiency  of  at  least  1,500  B.  T.  U.  with  steam  at  5  pounds  pressure. 
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and  are  eaail;  capable  of  warming  air  from  zero  to  80  degrees  or 
over  vben  coniputed  on  this  basis.  The  free  space  between  the  sec- 
tions bears  such  a  relation  to  tho  heating  surface  tbat  ample  area  is 
provided  for  the  flow  cf  air  through  the  heater  without  producing  an 
excessive  velocity. 

Pipe  CODiiectloiis 
Hot  blast  beatere,  commonly  called  main  heaters,  are  usually  di- 
vided into  several  aections,  the  number  depending  upon  their  size,  and 
each  provided  with  a  separate  valve  In  the  supply  and  return.       In 

EXHAUST 
SECTIONS 


BACK  F^ESSURE 


1'^  <)TPAM  UCI 


STEAM  HEADER 


SECTIONS 

TO  SEWER 

FEED  WATER H 

R 

ETUP 

NHE 

ADER 

DRIP 

makltig  these  divisions,  special  care  should  be  taken  to  arrange  for  as 
many  combinations  bb  possible. 

Example:  A  heater,  10  pipes  deep,  may  be  made  up  of  three  sec- 
tions, one  of  2  rows  and  two  of  4  rows  each.  By  means  of  this 
division,  S,  4.  6,  8  or  10  rows  of  pipe  can  be  used  at  one  time,  as  the 
outside  weather  conditions  may  require. 

In  making  the  pipe  connections  to  a  heater  of  this  kind,  a  main  or 
header  is  usually  run  along  one  Bide,  from  which  branches  of  the 
proper  size  are  carried  to  the  different  sections.  The  arrangement  of 
the  returns  should  correspond  In  a  general  way  with  the  supplies. 
The  main  header  should  be  properly  drained,  and  the  condensation 
frcm  the  heater  tapped  to  a  receiving  tank,  or  returned  to  the  boilers 
by  gravity   If  the  heater  Is  overhead.     If  possible,  the  return  from 
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each  section  should  he  provided  with  a  nater'Seal  two  or  three  feet 
la  depth.  This  ie  because  condensation  Is  greater  tn  the  outer  sec- 
tlona,  resulting  Id  a  slight  difference  In  pressure  wbich  causes  the 


return  water  from  the  inner  sections  to  be  drawn  Into  the  outer  ones, 
thns  producing  water-hammer  and  Imperfect  clrcuiation  of  steam. 

In  the  case  ot  overhead  heaters,  the  returns  maf  be  sealed  hy  the 
water-line  of  the  holler  or  h;  the  use  of  a  special  water-line  trap,  but 
vertical  pipe  heaters  resting  on  foundations  near  tbe  floor  are  usually 
provided  with  siphon  loops,  extending  Into  a  pit.  If  this  arrangement 
Is  not  convenient,  a  separate  trap  Bhould  be  placed  on  the  return  from 


Square  fe 
^  Surfao 


1000  i"  2W." 

2000  5-  2Vj" 

3000  6"  3" 

each  section.  The  main  return,  in  addition  to  its  connection  with  the 
boilers  or  pump  receiver,  should  have  a  connection  with  the  sewer 
for  blowing  out  when  steam  Is  first  turned  on.  Sometimes  each  sec- 
tion is  provided  with  a  connection  of  this  kind. 

Large  automatic  air  valves  should  he  connected  with  each  section. 
and  it  Is  well  to  supplement  these  with  a  hand  pet-cock,  unless  Indi- 
vidual blow-olT  valves  are  provided  as  described  above.  If  the  fan  Is 
driven  by  a  steam  engine,  provision  should  be  made  tor  using  the 
exhaust  In  tbe  beater,  and  part  of  the  sections  should  be  so  valved 
that  they  may  he  supplied  with  either  exhaust  or  live  steam  as  desired: 


Goc^lc 


38  NO.  39— FANS,  VENTILATION  AND  HEATING 

Fig.  8S  shows  Id  diagram  a  method  or  making  the  connections  tor  a 
heater  la  vhlch  three  of  the  sectlans  may  be  used  In  this  way.  An- 
other way  ol  accomplishing  the  same  result  Is  shown  In  Fig.  29,  which 
shows  a  heater  made  by  the  Buffalo  Forge  Company.  In  this  arrange- 
ment all  of  the  sections  are  Interchangeable. 

The  sizes  of  the  mains  and  branches  are  often  fixed  by  the  tapping 
of  the  heater  sections.  Table  XV,  based  on  experience,  has  been  found 
to  give  satisfactory  results  where  the  apparatus  is  near  the  boilers. 

From  50  to  60  square  feet  of  radiating  surface  should  be  provided  In 
the  6][haust  portion  ot  the  beater  for  each  engine  horse-power,  and 
should  be  divided  into  at  least  three  sections,  so  that  It  can  be  pro- 
portioned to  the  requirements  of  different  outside  temperatures. 

The  condensation  from  the  exhaust  sections  contains  oil  from  the 
engine  and  should  not  be  returned  to  the  boilers;  much  of  Its  heat, 
however,  can  he  saved  by  passing  it  through  a.  feed  water  heater.  A 
simple  heater  for  this  purpose  may  be  made  of  a  piece  of  8<lncb  pipe, 
7  or  8  feet  In  length,  with  flanged  heads,  and  containing  a  coll  made 
up  of  four  lengths  ot  1-Inch  brass  pipe.  The  feed  to  the  boilers  is 
made  to  pass  through  the  coil,  white  the  space  around  it  is  filled  with 
hot  condensation.  A  simitar  beater  is  sometimes  placed  In  the  exhaust 
pipe  from  the  engine,  for  use  when  exhausting  outboard  in  mild 
weather.  After  passing  through  the  teed  water  heater  the  condensa- 
tion should  be  trapped  to  the  sewer. 
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HEATING    AND    VENTILATING    MACHINB 


Methods  of  Hestln; 

The  Older  method  of  heating  &  shop  wbb  by  means  ot  steam  coils, 
either  run  along  the  waits  under  the  windows,  or  supported  overhead 
as  most  convenient.  This  arrangement  neceasltatee  a  large  amount  ot 
beatlug  surface  together  with  an  extended  system  at  supply  and  return 
piping,  thus  great!)'  Increasing  the  liability  to  leaks  and  freezing. 
This  method  provides  no  fresh  air  for  ventilation,  and  the  distrihu- 
tion  of  heat  Is  not  ot  the  best.  When  the  coils  are  placed  along  the 
vails,  under  benches,  It  is  uncomfortably  warm  for  those  working 
near  tbem,  and  If  supported  overhead,  the  heat  rises  directly  to  the 
celling  or  roof,  thus  leaving  the  lower  portion  of  the  room  too  cold. 

The  most  satisfactory  arrangement  is  where  the  heating  is  done  by 
hot  filr  properly  distributed  through  suitable  ducts  and  flues.  The 
beating  surface  In  this  case  Is  very  compact,  only  about  one-flfth  o( 
that  required  tor  direct  heating  being  necessary;  and  as  the  surface 
Is  grouped  in  a  single  beater,  even  la  buildings  of  large  size,  long 
runs  of  piping  are  avoided.  In  the  largest  plants,  or  where  the  build- 
ings are  more  or  less  detached.  It  becomes  necessary  to  Increase  the 
number  of  units,  but  even  then  the  pipe  runs  are  simple  compared 
with  those  necessary  for  direct  beating.'  A  better  distribution  of  heat 
is  obtained,  resulting  In  a  more  uniform  temperature  throughout  the 
rooms.  As  heating  systems  ot  this  kind  are  usually  arranged  tor  tak- 
ing a  portion  ot  their  air  supply  from  out  of  doors.  It  Is  possible 
to  secure  any  degree  of  ventilation  required. 

QsDeral  ArraasemODt 

The  location  ot  the  fan  and  beater  and  the  general  arrangement 
ot  the  distributing  ducts  will  depend  largely  upon  the  construction 
and  plan  ot  the  butldlug.  One  of  the  simplest  arrangements .  tor  a 
building  of  small  size  Is  that  shown  in  Ftg.  31.  In  this  case  a  single 
galvanized  Iron  uptake  is  carried  from  the  mouth  of  the  fan  directly 
upward  through  the  different  stories  of  the  building.  At  each  floor 
the  requisite  number  ot  outlets  are  provided  at  or  near  the  coiling 
level,  and  the  air  discharged  toward  the  outer  walls.  In  the  case  of 
a  larger  building  It  would  be  necessary  to  extend  the  distributing 
ducts  horizontally  from  the  main  uptake,  as  shown  In  Fig.  33. 

Another  typical  arrangement  Is  that  shown  in  Fig.  30.  which  repre- 
sents the  plan  and  elevation  ot  the  heating  and  ventilating  system 
Installed  in  the  shops  of  the  Ashcroft  Manufacturing  Company,  of 
Bridgeport,  Conn.     In  this  arrangement  the  fan  and  heater  are  cen- 
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trally  located  Id  the  baeement  near  one  of  tbe  side  walla.  Main  dis- 
tributing ducts  are  carried  In  both  directtona  near  the  floor,  and  from 
these,  vertical  risers  are  taken  off  at  frequent  Intervals  and  carried 
up  to  the  dlRerent  Blories.  The  air  la  discharged  into  the  rooms  hori- 
zoutallF  at  an  elevation  of  about  eight  feet  from  the  floor.  Regulat- 
ing dampers  are  provided  In  eacb  uptake  for  proportioning  the  air 
flow  through  each  outlet.  The  fan  Is  of  the  centrifugal  type,  with 
bottom  horizontal  discharge.  The  wheel  Ib  6Vj  feet  in  diameter,  and 
is  driven  by  a  T-lnch  b;  T-lnch  vertical  direct-connected  engine.  The 
beater  Is  made  of  1-incb  pipe,  twenty-two  rows  deep.  The  sections 
are  6Vj  feet  wide  by  S  feet  high.  The  building  Is  warmed  by  air- 
rotation,  no  connection  being  made  with  the  outside  air. 

Figs,  34  and  35  show  plan  and  section  elevation  of  a  dfSerent 
arrangement,  aa  installed  in  the  sbops  of  the  Houston,  Stanwood  & 
Gamble  Co.,  at  Covington.  Ky.  In  this  case  the  fan  and  heater  are 
placed  In  one  corner  of  the  building,  and  the  air  carried  across  one 


end  in  an  underground  concrete  duct.  Tho  uptakes  connect  witb 
this,  running  up  beside  columns  supporting  the  roof;  horizontal 
branches  are  then  carried  the  entire  length  of  the  building,  one  on 
eacb  side,  passing  through  the  roof  trusses  as  shown.  The  air  is  dis- 
cbarged  through  abort  mouthpieces  set  at  an  angle  to  give  it  a  down- 
ward direction,  and  arranged  to  deliver  it  both  to  the  central  portion 
and  the  side  aisles  or  bays.  This  particular  arrangement  of  the  dis- 
tributing ducts  is  made  necessary  on  account  of  the  traveling  cranes 
which  pass  through  the  entire  length  of  the  building  in  eacb  of  the 
ihree  sections  as  indicated  by  tracks  at  the  sides  In  Fig.  34.  This  is 
a  typical  illustration  of  an  overhead  distribution,  the  air  being  dis- 
charged at  an  elevation  of  about  IS  feet  above  the  floor.  The  appa- 
ratus m  this  case  also  lakes  Its  air  supply  from  the  building,  leak- 
age teing  depended  upon  for  ventilation.  The  tan  Is  of  the  three- 
quarter  boused  type,  with  a  bottom  horizontal  discbarge  connecting 
with  the  underground  duct.  The  wheel  is  9  feet  in  dlamelA".  The 
heater  is  made  up  of  two  groups,  witb  a  supply  and  return  bsadcr 
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at  ench  side.     It  Is  20  pipes  deep,  and  has  aa  exposed  front  8  feet 
blgh  by  12^  feet  wide. 

Fig.  36  Illustrates  a  somewhat  similar  arrangement,  althougb  In 
this  case  two  overhead  units  are  used,  each  made  ap  of  two  fans  and 
a  heater,  and  the  air  Is  carried  downward  to  a  point  about  S  feet 
from  the  floor  before  being  dlscbarged.  The  system  is  Installed  In 
the  machine  and  erecting  shops  of  the  Pennsylvania  Railroad  Company 
at  Trenton,  N.  J.    All  parts  of  the  system  are  symmetrica II y  arranged. 
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which  gives  practically  an  equal  resistance  to  the  flow  of  air  in  each 
of  the  four  main  distributing  ducts. 

A  plan  and  elevation  of  the  tan  and  heater  of  one  of  the  units  is 
shown  in  Fig,  32.  Two  double  inlet  tans  are  used,  with  wheels  g>i 
feet  in  diameter  attached  to  a  common  shaft  and  driven  by  a  belted 
motor.  The  heater  Is  made  up  with  a  double  header,  as  in  tbe  pre- 
vious layout.  It  is  20  pipes  deep.  1Z%  feet  wide  and  10  teet  high.  The 
air  Is  taken  from  tbe  building,  but  is  forced  through  the  beater  In- 
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stead  of  being  drawn  through  by  suction,  as  tn  the  other  arrango- 
mentB  mentioned. 

These  five  buildings  lUuetrate  the  more  common  methods  of  arrang- 
ing the  dlstrlbating  systems  In  the  heating  of  machine  shops  of  mod- 
ern construction. 

Material  Used  for  Ducts  and  Plues 

The  airways  are  either  constructed  of  brick  or  galvanlied  iron.  In 
brick  buildings  where  the  heating  system  Is  planned  before  the  bnlld- 
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Ing  le  constructed  the  flues  may  be  most  readily  and  economlcallr 
built  in  the  walls  as  the  building  Is  erected.  WEen  this  Is  done, 
care  should  be  taken  lo  give  them  as  smooth  an  Interior  as  possible 
by  removing  all  projecting  motor  from  between  the  bricks. 

Underground  ducts  are  built  either  of  brick  or  concrete  (or  the 
larg'^r  elzea,  and  generally  of  glazed  tile  for  the  branches.  In  balld- 
inga  of  wooden  construction,  and  also  those  of  brick  when  erected 
before  the  heating  system  la  laid  out,  It  Is  customary  to  use  gal- 
vanized iron.  This  Is  easily  worked  Into  the  required  form,  Is  light 
In  weight,  and  takes  up  a  minimum  ot  space  for  a  given  i 
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CouatruottoQ  or  Ducts  utd  Pluea 

Great  care  should  be  taken  In  tite  dealgD  and  construction  of  a 
Bretem  of  ducte  and  flues.  When  a  change  In  the  direction  of  flow 
IB  necesBary,  a  gracious  curve  should  be  provided.  For  90-deEree 
turns,  the  elbow  should  be  made  witb  at  least  five  pieces,  and  the 
radius  of  the  Inner  side  of  the  elbow  should  not  be  less  than  the 
diameter  of  the  pipe.  Tbls  relation  between  the  radius  of  curvature 
and  the  size  of  pipe  should  hold  In  the  case  of  rectangular  ducts  as 
well. 

When  a  branch  Is  taken  ofT  from  a  straight  run  of  pipe.  It  should 
be  ^ve'n  an  angle  of  45  degrees  at  the  point  of  connection,  and  the 
remaining  change  In  direction  made  by  an  easy  turn.  The  main  run 
of  pipe  is  commonly  reduced  at  each  branch  or  take-oft  by  an  easy 
taper,  about  2S  Inches  In  length,  which  can  be  made  from  a  sheet 
of  Iron  of  standard  width,  which  la  30  Inches.  Whenever  the  duct  or 
pipe  branches,  the  construction  should  be  such  as  to  divide  the  air 
volume  Into  the  required  proportions,  giving  to  each  branch  an  easy 


change  In  direction,  when  possible.  While  due  regard  should  be  given 
to  the  proper  proportioning  of  the  pipe  areas.  It  is  not  possible  to  get 
a  sufBclently  accurate  dtstrlbntlon  of  air  without  the  use  of  dampers 
and  deflectors.  In  the  case  of  a  large  number  of  small  outlets  from 
a  main  duct,  the  best  results  are  usually  obtained  by  the  use  of  adjust- 
able dampers  In  eacli  outlet,  where  there  are  several  branches  of 
considerable  size  leading  from  the  main.  It  Is  well  to  place  adjustable 
deflectors  at  the  Junction  of  the  ducts,  so  that  the  air  volume  can  be 
deflected  Into  the  branches  in  such  quantities  as  may  be  desired.  In 
the  case  o(  brick  or  concrete  underground  ducts,  the  same  points 
relating  to  curves,  dampers,  etc.,  should  be  observed  as  described 
above  for  galvanized  Iron. 

Size  of  Ducts  and  Fluee 

The  sectional  area  of  ducts  and  flues  Is  based  upon  the  velocity  of 

the  air  flow  through  them.    It  Is  a  well-known  fact  that  the  trlc- 

tlonal  resistance  to  the  flow  of  air  through  pipes  increases  as  the 
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square  o(  the  veloelly,  hence  If  the  power  required  (or  driving  the 
fan  was  an  Important  factor,  very  low  veloclttaa  would  be  required. 
As  a  matter  of  fact,  this  le  geDeratty  neglected  in  practice,  and  veloci- 
ties are  based  upon  the  moet  desirable  speed  of  fan  tor  this  class  of 
work,  which  is  about  5,000  linear  feet  per  minute  tip  velocity.  This 
results  In  a  velocity  through  the  fan  outlet  of  alKrtit  3,500  feet  per 
minute.  The  size  of  the  main  duct  is  made  such  that  the  velocity 
commonly  runs  from  2,000  to  3,000  feet  per  minute,  although  some 
engineers  make  a  practice  qf  starling  with  a  duct  the  same  size  as 
the  fan  outlet,  but  making  a  small  increase  in  the  size  of  the  branches, 
BO'  that  their  aggregate  area  shall  be  from  30  to  40  per  cent  greater 
than  the  area  of  fan  outlet,  thus  bringing  the  velocity  down  to  from 
2, GOO  to  2,800  feet  per  minute. 

It  is  frequently  possible  In  shop  practice  to  secure  satisfactory  cli- 
culalion  of  the  air  with  a  limited  extent  of  ducts  by  discharging  It  at 
a  high  velocity,  as  noted  above,  thus  compelling  It  to  continue  Its 


direction  of  movement  for  a  considerable  distance  without  the  use  of 
conducting  pipes.  It  Is  not  uncommon  In  such  cases  to  force  the  air 
100  feet  or  more  from  the' outlets  at  a  velocity  of  2,000  to  3,000  feet 
per  minute. 


Weight  of  Iron  Used 

Table  XVI  gives  the  gage  of  iron  commonly  used  for  pipes  of  differ- 
ent diameter.  All  sizes  above  60  Inches  are  made  of  No.  16  gage.  If 
the  pipe  is  made  much  lighter,  particularly  in  the  larger  sizes,  tt  will 
not  l^eep  its  shape  when  supported  horizontally,  which  results  in 
loosening  the  Joints  and  also  decreasing  the  area  of  the  pipe.  The 
common  practice  Is  to  make  rectangular  pipes  of  the  same  gage  as 
round  pipes  having  the  same  sectional  area,  but  under  certain  condi- 
tions, as  In  the  case  of  a  thin,  flat  pipe,  bracing  is  necessary  to  pre- 
vent easing,  even  with  heavy  gages.  When  braces  are  used,  lighter 
Iron  may  be  used  than  given  In  the  table. 
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The  subject  of  taeatera  for  shop  beating  was  quite  tboroughly  d<B- 
cuBBEd  In  tbe  previous  chapter.    A  few  of  the  reaulla  noted  there  will 

Diameter  of  Pipe.  Gage  of  Iron 

L«BS  than  9  inch 28 

9  Inch  to  14  inch 26 

15  inch  to  20  !nch 25 

21  Inch  to  26  Inch 24 

27  Inch  to  35  Inch 22 

36  inch  to  46  Inch 20 

47  Inch  to  60  inch 18 

61  inch  and  above 16 

be  given  here  together  with  some  specia]  reference  to  heating  by  air 
rotation.  In  shop  practice,  the  amount  of  heating  surface  is  generally 
expressed  in  linear  feet  of  one-fnch  pipe  for  a  given  space  to  be  heated. 
This,  for  average  conditions,  may  be  talten  as  follows.  With  all  of 
the  air  taken  from  out  of  doors,  there  is  generally  allowed  100  cubic 
feet  of  space  for  one  loot  of  pipe  when  exhaust  or  low-pressure  steam 
ia  used,  and  150  cubic  feet  with  steam  at  80  poundB  pressure.  When 
tbe  building  is  heated  by  air  rotation,  the  aboxe  flgures  may  be  raised 
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to  about  140  and  200  for  low-pressure  and  high-pressure  steam,  respect- 
ively. The  heater  is  generally  made  about  twenty  pipes  deep  under 
ordinary  conditions.  Heaters  of  this  type  have  an  efficiency  of  about 
1,300  heat  units  per  square  foot  of  surface  for  steam  at  B  pounds 
pressure,  and  an  efficiency  of  1,600  tor  60  pounds  prcBsure. 

Volume  of  Air  Bequlred 
When  the  air  Is  talien  from  out  of  doors  tor  the  purpose  of  ventila- 
tion, It  may  be  based  upon  the  number  of  occupants  or  upon  a  given 
number  of  air  changes  per  hour.  Usually  the  cubic  contents  la  large 
per  occupant  and  may  vary  considerably  in  dlfterenc  shopa,  bo  that 
under  ordinary  conditions  It  Is  best  to  use  the  former  method.  The 
air  supply  per  occupant  inay  be  taken  as  about  25  or  30  cubic  feet 
per  minute,  unless  the  building  la  very  openly  constructed.  In  which 
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case  the  air  volume  may  be  reduced  and  leakage  depended  upon  to  a 
considerable  extent  In  many  shops  tbe  heating  Is  done  entirely  by 
air  rotation,  and  leakage  is  depended  upon  entirely  lor  ventilation. 
This  is  made  possible  because  ol  the  large  enclosed  apace  In  propor- 
tion to  tbe  number  of  occupants  and  the  thorough  mixture  of  tbe 
Inleakfng  air  wltb  that  wblch  Is  in  rotation.  When  this  method  ot 
beating  le  used,  tbe  air  simply  becomes  the  medium  for  transtening 
tbe  beat  to  tbe  different  parts  of  the  building,  and  the  volume  required 
will  depend  upon  the  amount  of  heat  to  be  transferred  and  tbe  tem- 
perature to  wblch  tbe  air  Is  raised. 

Suppose  tbe  air  is  returned  to  the  heater  at  a.  temperature  of  60 
degrees  and  delivered  at  a  temperature  of  140  degrees,  tbe  total  rise 
being  80  degrees.  In  cooling  one  degree,  one  cubic  foot  ot  air  gives 
out  1/55  ot  a  heat  unit,  or  In  cooling  SO  degrees  will  give  out  1/5S  X 
SD  =  80/55.  or  1.4  heat  unit.  Therefore,  It  we  divide  the  total  amount 
ot  beat  to  be  supplied  in  a  given  lime,  expressed  In  heat  units,  by  1.4. 
It  win  give  the  volume  of  air  to  be  rotated  In  that  time,  assuming,  cf 
course,  that  It  is  cooled  through  SO  degrees  during  its  passage  through 
tho  room. 

The  heat  loss  from  the  building  may  be  computed  by  any  ot  tbe 
common  methods  in  use.  or  the  size  of  the  heater  may  first  be  com- 
puted by  tbe  method  already  given,  and  the  heat  given  off  taken  as  the 
equivalent  of  tbe  heat  lost.  Referring  to  Table  XIV  we  And  that  a 
beater  twenty  pipes  deeps  with  steam  at  5  pounds  pressure  will  raise 
the  temperature  of  alf  from  0  to  140  degrees,  and  has  an  elBclency 
of  1.300  heat  units.  Steam  at  5  pounds  pressure  has  a  temperature' 
of  ?2T  degrees.  Tbe  average  temperature  of  tbe  air  passing  through 
0  +  140 

tbe  beater  is =  70  degrees,  hence  the  difference  in  tempera- 

2 
ture  between  the  steam  and  air  Is  237  —  70=:157  degrees.    In  case  tbe 
60  + 140 

air  la  rotated.  Its  average  temperature  is  =  100  degrees,  and 

*  Z 
the  difference  between  tbe  steam  and  air  Is  227 — 100^127  degrees. 
The  efficiency  ot  a  heater  varies  directly  as  the  dilterence  between 
the  temperature  of  the  steam  and  air;  bence,  in  the  second  case,  with 
tbe  air  rotated,  tbe  efficiency  would  be  157  :  127  =  1.300  :  x.  and  x.  the 
efflciency  In  this  case,  would  be  approximately  1,100  beat  units.  Then 
the  square  feet  of  surface  in  tbe  heater  multiplied  by  1.100  wilt  be  the 
heat  given  oft  per  hour,  and  this  divided  by  1.4  will  give  the  cubic 
feet  of  air  to  be  moved  per  hour  by  the  tan. 

Size  ot  Pan 
Thu  required  size  of  tan  for  moving  any  given  volume  ot  air  may  be 
taken  from  Table  XVII.  which  also  gives  the  approximate  speed  and 
the  horse-power  requireit  tor  driving  the  tan. 
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30  IS  9  STO  1000                   Vi 

'  id  24  13  580  1650  1 

50  30  16  466  2600  1 

60.  36  IS  390  4500  2 

70  42  21  333  6000  2^ 

SO  4S  24  293  SOOO  2>^ 

90  54  28  260  11000  4 

100  60  32  233  12500  4 

120  72  43  195  21500  7 

14u  S4  48  167  2S600  9 

160   -  96  48  147  31S00  10 

108  54  130  40400  13 

120  60  117  51000  16 

The  speeds  given  in  the  table  are  for  ^  ounce  pressure;  should  It  be 
desired  to  deliver  the  afr  under  a  higher  pressure.  In  order  to  force 
It  a  long  distance  from  the  outlets,  It  vould  be  necessary  to  Increase 
the  speed  ot  the  fan  somewhat,  depending  upon  local  conditions. 
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No.  10.  BxAMPLKs  or  Machine  Shop  Practice. — Cutting  Bevel  Ge&ra  with 
Rotary  Cutters;  Making  a  Worm-Gear;  Spindle  Conetructlon. 

No.  11.  BKABisoa. — Deelga  of  Bearlnge;  Cauaea  of  Hot  BearlagB;  Alloya 
tor  BearlngB;   Ball  Bearlnge;    Friction  of  Roller  BearingH. 

No.  12.  MATiiKMATirB  OP  Maciiisb  pESLON, — Complied  with  special  refer- 
ence to  Bbaftlog  and  efflcieni-y  of  hoiatlog  machinerf. 

No.  13.  Blanking  Dies. — Making  Blanking  Dlee;  Blanking  and  Pietctng 
Dies;  ConBtruction  of  Split  Dies;  Novel  Ideas  in  Die  Making. 

No.  H.  Details  or  Maciiink  Tool  Djsiii.v. — Cone  Pulleys  aitd  Belts; 
Strength  of  Counterahafta;  Tumbler  Gear  Deelgn;  Faulte  of  Iron  Caatinga, 

No.  IG.  Spra  Gbabino. — Firat  Principles  of  Gearing;  Formulas  for  Spur 
Gearing;  Design  and  Calculation  of  Gear  Wheels;  Strength  of  Gear  Teeth. 

No.  16.  Maciiink  Tool  Drivks. — Speeds  and  Feeds  of  Machine  Tools; 
Geared  or  Single  Pulley  Drives;  Drives  for  High  Speed  Cutting  Toole. 

No.  17.  Sthenotii  op  Cvlindebs.— Formulas,  Charts,  and  Diagrams  for 
Thick  Hollow  Cyllndera;  Design  o(  Thick  Cylinders;  Cast  Iron  Cylinders. 

No.  18.  Shop  AaiTiiMknic  vim  thk  Maciusist.— Figuring  Tapers,  Change 
Gears.  Cutting  Speeds  and  Feeds.  Indexing  Movements,  etc.;  Use  of  Formulas; 
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FLT-WHBBLS,    THBIB    PtJRPOSB,    CALCULATION 
AND    DESIGN 

The  object  or  all  fly-wheele  Is  to  equalize  the  enei^y  exerted  and 
the  work  done,  and  thereby  prevent  great  or  sudden  changes  of  speed. 
Tbe  extent  to  which  speed  cbanges  may  take  place  Is  the  determining 
factor  In  all  fly-wheel  design.  The  application  and  use  of  lly-nbeels 
will,  however,  be  more  readily  perceived  It  we  examine  some  concrete 
practical  examples. 

In  a  shear  press  or  punch  the  energy  of  the  driving  belt  remains 
practically  constant,  but  the  work  done  by  the  Jaws  varies  from  prac- 
tically nothing  at  the  return  stroke  to  the  full  power  of  tbe  machine 
when  cutting.  In  an  engine,  on  the  other  hand,  the  work  done  by  the 
belt  wheel  may  be  constant,  or  nearly  eo,  while  the  energy  exerted 
by  the  steam  on  the  piston  varies  throughout  each  stroke.  Further- 
more. In  any  engine  using  a  connecting-rod  and  crank,  the  energy 
exerted  on  the  crank  pin,  tending  to  turn  the  shaft,  varies  from  noth- 
ing at  the  end  of  the  stroke  to  Its  greatest  value  near  mid-stroke.  A 
steam  engine  without  a  fly-wheel  would,  therefore,  be  useless  and  could 
hardly  make  one  single  revolution. 

Now  In  what  way  can  a  flywheel  help  to  overcome  this  difficulty? 
If  Buch  a  wheel  of  large  diameter  and  with  a  heavy  rim  were  mounted 
on  ball  bearings  to  reduce  the  friction,  it  would  even  then  be  found 
difficult  to  set  It  In  motion  or  Increase  its  speed  suddenly,  on  account 
of  Its  Inertia.  To  give  to  It  any  particular  Increase  of  speed  would 
require  a  certain  amount  of  work  or  energy  put  Into  it.  Having  once 
acquired  speed  It  would  be  capable  of  doing  tbe  same  amount  of  work 
on  any  opposing  iMdy  by  virtue  of  this  stored  energy. 

So  the  fly-wheel  of  the  engine  or  press,  as  long  as  the  energy  exerted 
Is  greater  than  the  work  being  done,  will  turn  faster,  the  Inertia  of 
Its  rim  absorbing  excess  of  energy.  On  the  other  hand.  If  the  energy 
becomes  less  than  the  work,  the  wheel  turns  slower  and  slower,  giving 
up  Its  stored  energy  to  supply  tbe  deficiency.  The  heavier  the  rim, 
and  the  greater  Its  velocity,  the  less  tbe  change  of  speed  for  a  given 
storage  of  energy. 

In  the  steam  engine  these  changes  of  speed  occur  twice  In  every 
revolution,  the  wheel  moving  most  slowly  near  one-quarter  stroke  and 
most  rapidly  near  three-quarters  strobe,  the  exact  times  being  depen- 
dent on  the  point  of  cut-oti  and  the  connecting-rod  ratio.  The  use  of 
the  flywheel  Is  often  confused  with  that  of  the  governor.  The  fly- 
wheel can  only  average  the  speed  during  one  revolution  and  prevent 
violent  changes  In  that  time.  It  has  no  control  over  the  number  of 
revolutions  per  minute.     On  the  other  hand,   no  ordinary   governor, 
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works  quickly  enotigb  to  regulate  tbe  speed  In  one  revolution.  The 
governor  prevents  any  permanent  change  in  speed  hy  adapting  the 
sniount  of  steam  admitted  to  the  amount  ot  work  to  be  done.  A  gov- 
ernor will  prevent  an  engine  from  running  away;  a  fly-wbeel  cannot. 
Blementvy  Oelonlktions  of  Ply-wbeela  for  Steam  BnslDeB 
In  order  to  determine  tbe  weight  of  rim  of  a  fly-wheel,  It  Is  neces- 
sary to  know  the  probable  excess  and  deficiency  ot  energy  in  each 
Btroke  and  tbe  per  cent  of  variation  in  speed  that  can  Iw  tolerated. 
The  earlier  tbe  cut-otf  of  tbe  engine  tbe  greater  tbe  variation  In  energy 
and  tbe  larger  tbe  fly-wheel  that  will  be  required.  Tbe  weight  of  tbe 
reciprocating  parte  and  the  length  of  tbe  connectiDg-rod  also  affect 
tbe  variation,  Tbe  following  table  from  Ranklne'a  "Steam  Engine" 
sbowB  about  what  may  be  expected. 


Fraction    of    stroke    at    which 

steam  is  cut  off 1/3       1/4       1/5       l/«       1/7       1/* 

Factor  of  energj-  excess 0.1«3    0.173    0.178    0.184    0.189    O.lBl 

1A3VB  II,    MON-OONSMHBIMa  BHOima 

Steam  cut  Off  at 1/2  1/3  1/4  1/6 

Factor  of  energy  exceaa 0.160        0.186        0.209        0.232 

To  obtain  tbe  excess  of  energy  from  this  table  It  Is  only  necessary 
to  And  the  average  work  In  toot-pounds  done  by  the  engine  in  one 
revolution  and  multiply  this  by  tbe  decimal  given  In  tbe  table.  We 
will  call  this  excess  of  energy  B.  Tbe  allowable  variation  in  speed 
depends  upon  tbe  use  to  which  the  engine  may  be  put.  In  modem 
engines  an  allowance  of  from  1  to  2  per  cent  is  usual. 

The  following  formula  Is  used   tor  computing  tbe  weight  of  the 
fly-wheel  rim: 
Let  IV  ^  weight  ot  rim  In  pounds, 

i)=:mean  diameter  of  rim  In  teet. 
^A'^r  number  of  revolutions  per  minute, 
1 
—  ^allowable  variation  in  speed  (from  1/50  to  1/100), 

£  =  excess  and  deiiclency  ot  energy  In  foot-pounds, 
c^  factor  from  Tables  1  and  II, 
H.P.  =;  Indicated  horse-power. 
Then,  It  the  Indicated  borse-power  Is  given: 

387.587,500  K  rn  X  H.P. 
W  = (1) 

If  the  work  In  fool-pounds  Is  given,  then: 
11,745  n  E 
W  = (2) 

E  la  calculated  as  before  exj)lained.  From  these  formulas  It  will  be 
seen  that  Increasing  the  diameter  or  the  speed  ot  a  wheel  diminishes 
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ttae  uecesearj  welgbt  of  rim  very  rapidly.  To  make  clear  the  use  ol 
ttaese  formulas,  we  will  work  out  two  examples,  such  as  might  arise 
la  practice. 

Example  1. — A  non-condensing  engine  of  150  inilicated  horse-power 
makes  200  revolutions  per  minute,  with  a  variation  of  2  per  cent.  The 
average  cut-oC  Is  at  one-quarter  stroke,  and  the  fly-wbeel  Is  to  have  a 
mean  diameter  of  6  feet.  Required  the  necessary  weight  of  rim  In 
pounds. 

From  Table  II  we  find  c^  0.309,  and  from  the  data  given  we  evi- 
dently have: 

1 
H.P.=1G0;  »  =  200;  —  =  1/50  or  n  =  60;  I»  =  6. 

Subetltuting  these  values  In  equation  (1)  we  have: 

387.587,500  X  0.209  X  50  X  150 


36  X  200  X  200  X  200 
or  W  =2,110  pounds,  nearly. 
Example  2. — A  condensing  engine,  24  x  42  inches,  cuts  off  at  one- 
third  stroke  and  baa  a  mean  effective  pressure  of  50  pounds  per  square 
Inch.  The  fly-wbeel  Is  to  be  18  feet  in  mean  diameter  and  make  75 
revolutions  per  minute  with  a  variation  of  1  per  cent  Required, 
weight  of  rim. 

The  worK  done  on  the  piston  in  one  revolution  Is  equal  to  the 
pressure  on  the  piston  multiplied  by  the  distance  traveled  or  twice 
the  stroke  In  feet.  The  area  of  tbe  piston  in  this  case  Is  452.4  square 
inches,  and  twice  the  strche  is  T  feet.  The  work  done  on  the  piston 
In  one  revolution  Is,  therefore:  452.4  X  60  x  7^168,340  foot-pounds. 
From  Table  I,  c^O.163,  and  therefore: 
£1  =  158,340  X  0.163  =  25,810  fOOt-pOundS. 

From  the  data  given  we  have:  n^lOO;   0  =  18;    V=:75.     Substi- 
tuting these  values  in  equation  (2): 
11,745  X  100  X  26,810 

W^ ^16,660  pounds,  nearly. 

18  X  18  X  75  X  75 

DImeuBlonB  of  Blm 

In  the  above  formulas,  D.  the  mean  diameter  of  the  rim.  Is  really 

twice  the  so-called  radius  of  gyration,  and  would  be  found  by  squaring 

the  outer  and  Inner  diameters,  adding  tbem  together,  dividing  by  two 

and  extracting  tbe  square  root.     In  symbols  tbts  would  read: 


"'4-1-- 


It  is  usually  accurate  enough  to  take  D^- 
tlcal  mean. 
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a  will  assume  D,  =  8,  Di=9,  then: 


-J- 


But  tbe  mean  at  8  and  9  la  S.&.  which  Is  accurate  enough  in  practice. 
The  number  of  cubic  feet  in  the  rim  may  I>e  found  by  dividing  the 
weight  in  pounds  b;  460  for  cast  Iron  or  4S0  for  stsel. 
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For    instance,    the    rim    in    the   Hrst    example    given    above    would 
-  contain: 

2,110 

-  =  4.61t  cubic  feet  of  cast  Iron, 


and  tbe  o 


4E0 

!  In  the  second  example  would  contain: 
16,650 
=  37  cubic  feet. 


The  area  of  the  croee  section  ot  the  rim  may  be  found  approximately 
by  dividing  the   cubic  contents  by   tbe  circumference  correepondlng 
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to  the  mean  diameter  D.    This  area,  In  the  first  example,  would  be: 
4.69 

=  0.:i4ST  square  feet  =35.S3  square  inches, 

6  X  3.1416 
and  in  the  second  example: 


37 


=  0.654  square  feet  =94.2  square  inches. 


18  X  3.1416 

The  shape  of  the  cross-section  Is  determined  by  the  use  to  be  made 
of  the  wheel.  If  It  ie  a  belt  wheel  the  width  of  rim  Is  determined 
by  the  width  of  belt,  and  the  section  is  usually  something  like  A.,  Fig.  1. 
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If  t&e  wheel  la  to  be  Blmply  &  tir-vliee],  It  ts  better  to  adopt  a  stronger 
form  of  Kctlon  and  one  easter  to  faaten  at  the  Joints.  A  common 
form  In  such  cases  Is  like  B.  In  very  large  wheels  it  ts  better  to 
.  make  tlie  rim  hollow,  aa  It  U  easier  to  cast  and  easier  to  put  together. 
To  Illustrate  tbe  Hbove  principles,  we  will  aaaume  that  the  wheel  In 
the  first  example  is  to  carry  a  double  leather  belt  anSclenttr  wide  to 
transmit  the  deetred  boree-power.  We  will  say  that  under  tbe  given 
conditions  a  belt  IS  locbes  wide  would  be  sufflclent. 

We  may  then  assume  that  the  rim  sbonld  be  a  little  wider  than 
this,  or  say  19  Inches. 
Tbe  fblchnees  will  then  be: 

86.83 

t= =1.88  Inch. 

19 
On  the  other  band,  If  we  assume  the  wheel  In  the  aecond  example 
to  be  used  solely  as  a  fly-wheel,  we  can  take  any  proportions  which 


^11%  Inches,    nearly, 

S 
and  the  wheel  will  be  about  19  feet  in  outside  diameter. 

It  It  U  decided  to  make  the  rim  hollow  and  a  thickness  of  two 
Inchee  ts  adopted,  tbe  proportions  would  be  about  as  in  Fig.  2. 
Joints  In  Blms 
Wheels  less  than  g  feet  in  diameter  are  ueually  cast  solid.  Wheels 
from  g  to  18  feet  In  diameter  may  be  cast  In  balTes  to  facilitate  trana- 
portation.  Wheels  larger  than  16  feet  are  usually  cast  in  several 
pieces,  the  hub  being  a  separate  piece.  Each  arm  may  have  a  segment 
of  the  rim  cast  with  It,  but  In  the  larger  sizes  of  wheels  tbe  segments 
of  the  rim  are  bolted  to  the  arms  as  well  as  to  each  other.  The  bolts 
must  be  kept  as  inug  to  the  rim  and  as  tar  from  tbe  lower  edge  of 
tbe  flange  as  possible. 
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Until  quite  recently  It  has  been  customarr  to  Join  the  segments  of 
the  rlmB  of  belt  pulleTs  by  Intenuil  flangea  and  bolta.  the  Joint  coming 
midway  between  the  anns.  Theory  and  experiment  both  show  this  to 
be  a  very  unsafe  arrangemeDt,  the  strength  of  the  Joint  being  only 
from  one-flfth  to  ooe-thlrd  that  of  the  solid  rim.  When  the  wheel  Is 
running  at  a  high  speed,  the  presaure  of  the  centrifugal  force  bends 
the  Joint  out  and  opens  It  as  shown  In  Pig.  3.  thus  throwing  a  great 
additional  etress  upon  both  bolts  and  flanges.  II  a  Joint  of  this  type  is 
adopted,  It  should  be  strengthened  by  wrought  Iron  or  steel  tension 
rods,  running  from  the  flanges  to  the  hub,  and  preventing  the  rim 
from  bending  at  the  weak  point  (See  Fig.  4.)  Mr.  James  Stanwood 
has  suggested  placing  such  a  Joint  at  a  point  one-quarter  way  from  the 
arm,  wbere  the  bending  is  practically  nothing.  Most  engine  builders 
of  late  have  put  the  Joints  In  the  rim  directly  over  the  arm.  In  any 
case,  the  bolts  should  be  located  as  close  to  the  rim  aa  practicable. 


i 

> 

\ . 

o  i 

:  o 

■ 

oi 

i.o 

■ 

1 
1 

> 
> 

> 
> 
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Fig.  S  shows  a.  Joint  in  a  belt  wheel  rim  as  made  by  a  well-known 
firm  of  engine  builders.  This  is  a  wheel  24  feet  in  diameter,  with  a 
64-lnch  face  Intended  for  two  twits.  The  flanges  are  well  braced  by 
the  internal  ribs,  and  the  bolts  which  hold  the  arms  also  assist  in 
strengthening  the  rim  Joint.  If  a  rim  of  this  kind  is  very  wide,  the 
centrifugal  force  lends  to  stretch  the  outer  edges  of  the  rim  and  to 
crack  the  cross  flanges  near  the  arms.  In  such  cases  it  were  ttetter 
to  use  two  sets  of  arms  or  two  separate  wheels, 

A  much  safer  and  better  rim,  wbere  It  can  I>e  used,  is-  the  narrow 
and  deep  form.  The  tendency  of  tending  I>etween  the  arms,  due  to 
centrifugal  force,  is  then  resisted  Iiy  the  great  depth  of  metal.  The 
links  or  bolta  which  form  the  Joint  can  be  placed  nearer  the  center 
of  tbe  rim,  where  the  bending  will  not  affect  tbem.  Two  common 
forms  of  such  Joints  are  shown  in  Figs.  6  and  T.  The  links  or  prison- 
ers, as  they  are  sometimes  called,  are  let  in  on  the  two  opposite  sides 
of  the  rim  and  occasionally  on  the  inside   face  as   well.     They  are 
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usually  put  In  bot  and  allowed  to  etarink  Into  place,  drawing  tbe  joint 
firmly  together. 

Experlmenta  mode  at  tbe  Case  Scbool  of  Applied  Science,  CloTeland, 
Oblo,  bare  abown  tbat  a  Joint  of  tble  kind  may  bave  a  Btrength  two- 
thirda  that  of  the  aoUd  rim.  If  tbe  sectloa  of  the  rim  Is  slightly 
increased  where  tbe  link  Is  Inserted,  the  strength  wilt  be  greater. 
(See  Fig.  7.) 

In  a  paper  read  before  tbe  American  Society  of  Mechanical  Engi- 
neers, Mr.  John  Fritz  has  called  particular  attention  to  the  advantages 
of  tbe  hollow  rim  and  arms  In  fly-wbeel  constmctlon.  Fig.  8  Is  a 
sketch  of  a  joint  In  such  a  wheel.  Tbe  coring  of  the  rim  Insures  a 
sounder  casting  and  also  makes  it  possible  to  get  a'  stronger  Joint,  b7 
thickening  the  metal  at  that  point.  Tbe  links  are  made  of  different 
lengths  so  that  tbe  heads  will  not  all  come  at  tbe  same  point. 


Types  or  Fly-wb* 


It  Is  not  possible  to  give  any  definite  rule  for  determining  tbe  width 
and  thickness  of  fly-wbeel  arms,  there  being  so  many  disturbing  fac- 
tors. The  tblcknesa  of  tbe  metal  should  be  as  uniform  as  possible, 
and  where  the  arm  Joins  the  rim,  if  cast  on,  tbe  change  of  thickness 
should  be  gradual,  to  avoid  cooling  strains.  Increasing  the  number 
of  arms  will  strengthen  tbe  rim  by  diminishing  tbe  bending  between 
the  arms.  Under  ordinary  circumstances  the  stresses  on  tbe  arms  of  a 
fly-wheel  are  silgbt,  but  when  started  or  stopped  suddenly,  as  in  roll- 
ing-mill work.  It  is  difficult  to  calculate  bow  great  they  may  be. 

Experiments  made  on  ordinary  belt  pulleys  bave  shown  tbat  tbe 
bending  due  to  belt  tension  Is  not  evenly  distributed  among  the  arms. 
but  is  almoBt  twice  as  great  on  the  arm  which  happens  to  be  nearest 
to  tbe  tight  side  of  the  belt  at  any  Instant.  This  difference  Is  probably 
less  in  Sy-wbeeU,  on  account  of  their  stlffer  rims,  but  even  here  it 
w.ould  be  preferable  to  design  tbe  arms  for  about  twice  tbe  average 
moment. 
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Bxomples 

Example  3. — It  is  required  to  design  an  Internal  flange  Joint  for  a 
fly-vheel  rim  3  incbes  thick  and  18  inches  wide,  the  wheel  being  10 
feet  In  diameter  and  l>uilt  In  two  halves. 

A  simple  design  in  such  a  case  is  to  part  the  wheel  on  a  diameter 
wbicb  shall  pass  near  two  of  the  arms,  as  In  Fig.  9.  The  distance 
Irom  the  Joint  to  the  center  ot  the  arm  should  not  be  more  than  one- 
quarter  the  space  between  the  arms.  The  flanges  should  be  of  approxi- 
mately the  same  thickness  as  the  rim.  We  will  use  steel  bolts  baring 
a  tensile  strength  of  75,000  pounds  per  square  Inch.  It  the  metid  in 
the  rim  has  a  tensile  strength  ot  18,000  pounds  per  square  Inch,  tbe 


c 


total  tensile  strength  of  the  rim  is  3  X  18  x  18.000  =  972,000  pounds. 
It  will  be  found  difOcult  to  make  the  strength  ol  Joint  more  than 
one-third  this,  or  334,000  pounds. 
324,000 

=  4.32  square  Inches  of  bolt  area  required. 

75,000 
Six  li4->nch  bolta  will  have  a  combined  area  at  the  root  of  thread 
of  6  X  O.S9:=5.34  square  Inches. 

With   bolts  even  as  large  as  this,  the  flange  will  probably  breah 

before  the  bolts.     The   Joints  would   have  the  appearance  shown  to 

Pig.  10.    The  bolts  should  be  kept  as  snug  to  the  rim  and  as  far  from 

the  lower  edge  or  flange  as  possible. 

Example  4.— Let  it  be  required  to  design  a  link  Joint  for  the  rim  o* 
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tbe  wheel  in  Elxample  2.  BuppoBlng  the  rim  to  be  solid,  8  Inches  wide 
and  11.75  Inches  deep. 

Assuming  the  tensile  strength  of  th^  cast  Iron  as  13,000  pounds  per 
square  inch,  the  total  strength  of  rim  Is: 

8  X  11.7&  X  18.000  =  1,692,000  pounds. 
It  the  tensile  strengtb  of  the  steel  used  for  links  is  taken  as  75.000 
pounds  per  square  Inch,  and  we  tr;  to  make  the  Joint  two-thirds  as 
strong  as  the  rim,  we  shall  need; 

2  1,692,000 

—  X ^  16  square  Inches. 

3  75,000 

If  we  adopt  the  form  of  joint  shown  in  Pig.  T  and  use  two  links. 


fl^.  ia.    Flj.ThAfl]  for  BolUnff  vm  8«rTlce 

the  area  of  cross-section  of  each  link  will  be  7.6  square  Inches,  or 
2.5  X  3  Inches.  Fig.  11  shows  the  proportions  of  such  a  Joint.  As  the 
heads  of  the  links  will  remove  2X  2.5  x  5,  or  25  square  iDChes  of  metal 
from  the  cross-section  of  the  rim,  it  will  be  necessary  to  add  this 
amount  by  Increasing  the  depth  at  the  joint  to  attout  IE  inches. 
,  Tn>«s  ot  Fly-wheels 

The  ordinary  By-wheel  used  In  this  country  ts  built  of  cast  Iron; 
many  serious  accidents  from  the  bursting  of  these  wheels  have 
occurred  because  of  bad  design,  hidden  flaws,  or  because  the  wheels 
were  run  at  higher  than  their  designed  speed. 

The  fly-wheel  recommended  by  Mr.  John  Fritz,  and  already  referred 
to,  is  shown  In  detail  In  Pig.  12.  This  wheel  Is  the  outgrowth  of  the 
demands  ol  rolling-mill  practice,  where  the  duty  of  fly-wheela  Is  excep- 
tionally severe. 

Referring  to  the  Uluetratlon,  It  will  be  seen  that  the  segment  Is 
cast  hollow,  and  also  the  arms,  which  are  made  at  the  ends  to  compare 


CnOO'^IC 


12  No.  40-~FLY -WHEELS 

In  tblckneaa  to  tbe  Begment,  eo  aa  to  relieve  them  o(  strains  which 
might  occur  it  the  seEmeuts  were  cast  solid.  Tbe  boles  in  the  seg- 
ments are  small  at  the  ends,  so  as  to  make  up  for  the  metal  taken 
out  for  the  tees.  Tbe  llnlu,  or  tees,  are  of  different  lengths,  so  that  the 
strain  on  the  segments  will  not  come  all  at  one  place,  and  by  using 
oil-tempered  steel  In  the  links,  or  double  tees,  tbe  rim  will  be  prac- 
tically as  strong  at  the  Joints  aa  it  is  elsewhere.  There  are  no  abrupt 
changes  in  the  thickness  of  the  castlnga,  thus  avoiding  as  much  as 
possible  tbe  llabUltjr  of  strains. 

It  will  be  noticed  that  there  Is  a  space  In  the  center  of  about  one- 
quarter  Inch  in  the  front  and  rear  side  of  each  arm.  This  Is  Dtled 
with  oakum  and  driven  hard,  after  tbe  wheel  is  finished  and  fn  place, 
to  keep  the  arm  from  yielding  In  the  direction  of  tbe  strain,  and  at 
tbe  same  time  It  greatly  lessens  tbe  work  of  fitting  up  the  wheel.  The 
one  and  three-quarter  inch  round  holes  through  the  center  and  arm 
are  reamed  out  and  steel  pins  made  and  turned  so  that  they  will 
drive  In  snugly. 

Sixty- ton  Ply- wheel 

A  19-foot  fiy-wheel  of  special  and  Interesting  construction,  which  was 
built  in  1905  by  tbe  Nordberg  Engineering  Co.,  Milwaukee,  Wis.,  tor  a 
mine  pumping  engine  operated  by  the  Calumet  A  Hecla  Mining  Co.,  is 
Bhown  in  detail  in  Pig.  Vi.  The  wheel  weighs  120,000  pounds  and 
Is  designed  to  run  at  107  revolutions  per  minute  which  means  a 
peripheral  speed  of  nearly  6,400  feet  per  minute.  A  reasonable  factor 
of  safety  for  this  speed  requires  a  construction  considerably  stronger 
tlian  possible  with  tbe  usual  plain  form  of  cast  iron  fly-wheel.  The 
nominal  sate  speed  limit  for  cast  Iron  wheels  Is  put  at  about  6,000  feet 
per  minute  but  the  Jump  to  6,400  feet  means  that  tbe  bursting  stresa 
Is  Increased  in  the  ratio  ot  2.5  to  4.1.  It  might  be  argued  that  revers- 
ing rolling-mill  fly-wheels  which  are  subjected  to  tremendous  shocks 
by  reason  of  constant  reversals  are  made  of  plain  cast  iron  construc- 
tion and  stand  up  to  the  work  with  very  few  failures,  but  this  argu- 
ment would  be  made  without  taking  into  consideration  the  great 
Increase  of  ceQtrifugal  force  Incident  to  Increasing  the  speed  even  as 
little  as  10  per  cent.'  Between  the  reversing  roltlng-mlll  fly-wheel  run- 
ning at  say  4,000  feet  ptif  minute  and  this  wheel  running  at  6,400  feet 
per  minute,  the  centrifugal  stress,  which  increases  as  the  square  ot  tbe 
velocity,  as  is  evident  In  tb?  formula  for  centrifugal  force,  F^ 
0.000341  WAX',  changes  tbe  factor  of  disruptive  stress  in  the  ratio 
ot  1.6  to  4.1.  The  stress  on  the  reversal  does  not  directly  affect  the 
Integrity  ot  tbe  rim,  but  does  throw  a  heavy  bending  stress  on  the 
spokes,  hence  the  part  ot  a  reversing  fly-wheel  which  Is  most  affected 
at  reversing  Is  the  spokes  and  not  tbe  rim.  Therefore,  the  comparison 
between  the  plain  reverslDg  mill  fly-wh^l  and  tbe  reinforced  wheel 
forming  the  subject  of  this  description  shotriid.  be  made  on  the  baals 
of  speed  alone  and  not  with  reference  to  the  effects^  reversal. 

The  Calumet  ft  Hecla  wheel  is  made  up  of  two  cast.  Iron  segments 
forming  tlie  wheel  center.    These  segmenU  are  held  to^BWier  by  two 
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Bteel  shrink  rings  on  Ihe  bub,  tour  shrink  rings  under  the  rim  and 
two  steel  rim  rings  made  in  halves  and  secured  to  the  sides  at  the 
caet  Iron  rim  of  the  wheel  center  by  5S  bolts  2  Inches  diameter  and 
IS  Inches  long.  In  addition  the  halves  of  the  wheel  center  are  bound 
together  by  four  T-bead  steel  links  set  In  the  pockets  underneath  the 
rim  rings  and  shrunk  on  In  the  usual  manner.  Tbe  spokes  are  cast 
hollow  and  12  open-hearth  steel  bolts  6  inches  diameter  are  set  radially 
therein,  being  secured  at  the  ends  by  round  nuta  fltting  In  counter- 
sunk seats.  Tbese  bolts  are  wanned  up  before  being  put  In  place  and 
tbe  nuts  are  screwed  up  tightly  before  cooling,  thus  getting  a  heavy 
compression  effect  on  the  spokes  due  to  the  contraction  of  the  bolts, 
the  Intention  of  the  designer  being  to  relieve  the  cast  Iron  parts  of  all 
tensional  strain  due  to  centrifugal  force.    The  spokes  of  the  cast  Iron 
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wheel  center  have  an  open  apace  between  each  pair  save  at  the  Junction 
of  tbe  halves  where  the  web  Is  made  solid,  having  a  thickness  of  7 
inches  nent  the  hub.  A  boss  is  cast  on  each  side  under  the  rim  in 
which  an  annular  seat  is  machined  with  a  boring  bar  for  four  sleel 
shrink  rings  wblcb  bind  the  two  halves  together,  as  mentioned.  The 
rim  rings  are  steel  castings  and  provided  with  luga  tor  bolting  together 
for  the  boring  and  facing  operations  in  the  boring  mill.  After  being 
bolted  to  the  sides  of  the  cast  iron  center,  the  lugs  are  chipped  oft, 
leaving  a  smooth  surface. 

Fig.  14  shows  a  novel  type  of  wheel  suitable  for  the  severe  work  of 
a  traction  plauL  It  is  used  on  a  600  kilowatt  set  for  power  and  llgbt- 
log  In  the  works  of  Messrs.  Workman,  Clark  &  Co.,  Ltd.,  Belfast.  The 
diameter  Is  12  feet  and  the  advantages  claimed  for  It,  which  seem 
correct,  are  as  follows: 
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The  rim  Is  cootlnuous,  and  the  strengtb  maintained,  therefore,  prac- 
tically to  the  full.  The  number  of  bolts  In  the  rim  being  much  more 
numerous  than  spokes,  the  streasea  that  occur,  due  to  the  bending  of 
tbe  rim  between  the  points  of  support,  are  correapondlngly  less.  The 
Btee]  disks  connecting  the  rim  with  the  hub  are  made  very  strong  to 
reelat  the  great  torques  of  suddea  changes  of  speed,  a  very  Important 
matter  In  a  fly-wbeel  [or  electric  traction.  It  Is  exceedingly  cheap  to 
make.  Tbe  streeeefi  In  the  arms,  due  to  tbe  cooling  and  shrinkage 
of  a  cast  Iron  wheel  are  absent  from  a  wheel  of  this  type. 

It  a  larger  wheel  of  this  type  were  made.lt  could  be  made  with  the 

rim  in  sections,  when  all  the  above  advantagea  would  obtain,  except 

the  first.    Another  type  of  wheel,  claimed  to  have  been  originated  by 

Prof.  Sharp,  is  shown  to  the  left  In  Pig.  16. 

Steel  wire  ot  great  tensile  strength  is  wound  around  the  periphery 
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of  the  wheel,  with  a  well-made  wheel  of  this  type  it  is  practically 
safe  to  run  It  at  three  times  the  velocity  of  an  ordinary  cast  iron 
wheel.  Hence  It  would  store  nine  times  the  energy  tor  the  same 
weight,  at  the  same  radius  ot  gyration,  as  a  cast  Iron  wheel. 

A  wheel  of  this  type  Is  used  at  the  Mannsmans  Tube  Works.  About 
TO  tons  of  steel  wire  was  wound  on  the  wheel  with  a  tension  of  about 
50  pounds.  Tbe  fly-wbeel  was  20  feet  In  diameter  and  ran  at  240 
revolutions  per  minute,  equal  to  a  peripheral  speed  of  about  250  feet 
per  second.  The  speed  ot  a  cast-Iron  wheel  of  tbe  same  diameter 
would  be  about  100  feet  per  second. 

Danger  of  Fly-wheels  BuratlnK 

As  regards  the  danger  of  fly-wheels  bursting,  Professor  Barr  states 
that  it  Is  not  realized  how  dangerous  they  are.  and  mentions  a  case 
In  point.  It  was  on  an  experimental  engine.  The  makers  ot  the  fly- 
wheel, on  which  an  experimental  brake  was  used,  had.  contrary  to  hit 
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wishes,  and  entirely  on  their  own  reepoaBlbiltty,  made  the  fly-wheel 
with  a  hub  solid  with  the  arms  and  rim.  One  evening,  during  the 
run,  a  report  like  a  gunshot  was  heard  and  the  observers  noticed  that 
the  flywheel  was  running  out  of  true.  The  rim  of  the  wheel  was  Just 
warm,  about  as  warm  as  one's  hand.  The  engine  was  stopped  and 
they  found  three  o^the  arms  out  and  six  broken.  The  middle  one 
was  open  about  3/32  ot  an  inch.  There  must  therefore  have  been  an 
enormous  initial  stress  in  the  arms.  There  were  two  fly-wheels  on 
the  engines  and  the  makers  were  told  that  they  must  replace  both. 
They  said  they  would  replace  the  broken  one  with  a  new  one  having 
a  split  boss  and  cut  the  boss  of  the  other  wheel  In  two.  They  were 
warned  as  to  what  would  happen,  but  they  put  the  wheel  In  a  slotting 
machine,  and  before  they  had  cut  halt  way  through  one  side  ot  the 
boss,  the  stresses  ot  the  wheel  completed  the  Job  in  a  manner  aston- 
ishing to  the  man  running  the  slotter. 

Great  care  must  be  taken  regarding  test  specimens,  as  a  test  specl* 
men  cast  from  the  same  melting  as  the  wheel  does  not  necessarily 
Indicate  the  same  strength  as  that  In  the  wheel.  Teat  specimens  vary 
also  according  to  the  way  they  are  cast,  so  that  a  htgb  [actor  of  safety 
must  be  allowed  In  all  cast  wheels — Bay  from  12  to  15. 

Mr.  C.  A.  Matthey,  Scotland,  says  that,  considering  the  ultimate 
strength  ot  British  cast  iron  as  16,000  pounds.  It  is  safe  to  assume  a 
factor  of  safety  ot  S,  with  a  speed  of  140  teet  per  minute,  the  arms  to 
be  cast  with  the  rim  but  without  the  hub,  thus  avoiding  cooling 
BtresBes,  tile  bub  being  conscientiously  fitted  afterwards.  This  involves 
entering  the  arms  sideways  and  not  radially  into  pockets  In  the  hub. 
He  thinks  that  the  attachment  ot  the  arms  to  the  rim,  when  separate 
from  solid  rims,  should  be  such  as  to  drive  the  rim  around  without 
pulling  It  In  toward  the  center.  Let  the  rim  support  Itself  by  Its  own 
tensile  strength  without  radial  pressures  at  a  number  ot  points. 

The  strength  necessary  In  the  arms  ol  a  fly-wheel  has  little  If  any- 
thing to  do  with  the  centrifugal  lorce,  and  their  sections  should  be 
proportioned  to  the  driving  moments  they  exert  In  storing  up  energy 
in  the  rim  and  in  re-delivering  it  to  the  shaft.  In  certain  kinds  of 
engine  service  a  good  rule  Is  to  make  the  fly-wheel  arms  strong  enough 
to  pull  up  the  wheel  from  full  speed  to  a  dead  stop  in  one  revolution. 

From  Mr.  Marshall  Downle's  paper  In  TraniactUmi  of  the  Imtitute 
of  Engineeri  and  ShipbuUdera  (Scotland),  the  following  is  quoted: 
"The  combined  croBs-secllonal  area  of  the  arms  In  well  designed  wheels 
ot  the  type  used  for  electric  traction,  etc..  Is  generally  from  two  to 
three  times  the  cross  section  of  the  rim.  The  strength  of  the  arms  as 
beams,  fixed  at  the  inner  end  and  loaded  at  the  outer  end,  with  the 
force  required  to  produce  an  acceleration,  either  plus  or  minus.  In  the 
mass  of  one  segment,  while  changing  the  velocity  through  the  limits 
specified  in  the  time  elapsing  between  two  coneecutive  points  of  coinci- 
dence of  actual  and  mean  crank  effort  lines,  ahould  also  be  considered; 
and  this,  together  with  the  reBlBtance  to  shearing  by  the  same  load, 
should  not  tax  the  material  above  one-eighth  ot  Its  ultimate  load." 

The  flxlng  ot  the  arms  to  the  hub  Is  usually  by  means  ot  bolts  or 
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cotters  and  their  strength  in  double  shear  should  be  equal  to  that  at 
the  arm  In  shear  or  tension,  whichever  Is  greater. 

FljT' wheel  Blm  Joints 

Several  forms  of  rim  Joints  are  In  use  tor  fly-wheels.  Among  the 
principal  ones  are  the  following:  (a>  flanged  and  bolted;  (b)  dowel 
plate  and  cotters;  (c)  arrow-headed  bolts;  (d)  links  and  lugs.  A» 
lllnstrated  in  Pig.  16,  the  following  points  must  be  observed : 

<o.)  In  flanged  and  bolted  Joints,  the  bolts  should  be  as  near  the 
rim  as  possible,  consistently  with  getting  a  deep  flange.  The  bolts 
should  be  carefully  fitted  at  each  end  and  cleared  In  tbe  center,  so 
that  the  stress  on  them  should  be  tensile  rather  than  shearing.  Tbey 
should  all  be  Initially  stressed  by  screwing  up.  it  possible  to  the  same 
amount. 

(6.)  The  accurate  machining  and  fitting  of  the  dowel  plate  and  cot- 
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LINKS  AND  LUOS 


Tn>**  or  RJm  Joint* 

ter  Joint  is  most  important.  It  should  be  bd  designed  that  the  strength 
of  the  cast-iron,  cotters  and  portion  of  the  dowel  plate  In  shear  Is  equal 
to  the  strength  of  the  portion  of  the  dowel  plate  in  tension.  The 
accuracy  with  which  the  initial  stress  In  this  form  of  joint  can  be 
adjusted  la  an  Important  feature  la  Its  favor. 

(c.)  The  arrow-beaded  bolt  joint  Is  a  shrunk  joint,  and  is  open  to 
the  objection  that  the  Initial  stress  on  the  bolts  due  to  the  shrinkage 
is  a  more  or  less  unknown  quantity  and  the  ultimate  stress,  therefore, 
indeterminate.  The  points  to  be  attended  to  in  Its  construction  are 
accurate  machining  between  the  lugs  on  the  bolts  and  rim.  and  provi- 
sion tor  clearance  at  the  center,  for  the  same  reason  as  noted  In  (o). 

(d.)  The  link  and  lug  joint  Is  also  a  shrunk  Joint  and  subject  to  the 
same  objections  as  (c)  on  that  score.  If  made  with  the  lug  projecting, 
as  shown  in  the  figure,  It  has  the  advantage  that  the  section  of  the 
rim  is  not  diminished  at  the  Joint.    The  Increase  of  weight,  howeiH 
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wbicb  such  a  torm  neceBaitates,  is  a  good  reanon  for  removlag  the 
position  of  the  Joint  nearer  one  arm.  From  the  experiments  of  Prof. 
C.  H.  Benjamin  reporteij  in  the  Proceedinga  of  the  Anierican  Society  of 
Mechanical  Engineers  and  from  the  workings  of  the  engines  of  the 
Metropolitan  Street  Railway,  Dr.  Downie  has  drawn  the  following  con- 
clusions: 

A  good  average  value  for  the  energy  necessary  to  be  stored  In  fljr- 
wheelB  tor  electric  lighting  purposes  is  2.9  toot-tons  per  electric  horse- 
power; and  In  traction  plants,  4  foot-tons. 

Where  practicable,  cast-iron  fly-wheels  should  have  one-piece  rims, 
hut  when  jointed  the  beat  form  la  the  link  and  lug  type,  where  auch 
can  be  adopted  without  Inconvenience,  and  the  next  best  Is  the  dowel 
plate  and  cotter.  Flanged  and  bolted  Joints  should  be  avoided  and  the 
best  place  tor  a  Joint  Is  near  one  arm. 

One-piece  rim  cast  iron  fly-wheels  may  be  run  at  a  peripheral  speed 
of  100  feet  per  second  with  the  certain  knowledge  that  the  factor  of 
safety  Is  not  under  12,  and  llnk-Joluted  wheels  may  also  be  run  at  that 
speed  and  have  a  factor  of  safety  of  8.  A  lower  factor  of  safety  should 
not  be  used,  and  flange-Jointed  wheela  sbonid  not  be  run  above  TO  to 
75  feet  per  second.  Built  steel  wheels  may  be  run  up  to  130  teet  per 
second.  Arms  should  be  joined  to  rim  with  large  fiUeta  and  their 
fixing  to  tbe  hub  should  be  carefully  fltted. 

The  beet  material  or  its  kind  should  be  used  in  the  construction 
and  homogeneity  should  be  Insured  as  tar  as  practicable  by  having 
test  bars  from  each  segment  cast  and  examined. 
Stresses  in  Fly-wheel  Blms 
The  stress  tending  to  cauae  rupture  in  a  fly-wheel  rim  depends  solely 
on  the  rim  velocity,  and  U  independent  of  (be  radius  of  tbe  fly-wheel. 
ThiB  can  be  proved  In  the  following  manner: 

Tbe  sum  of  the  centrifugal  (radial)  forces  of  the  whole  rim  of  a 
fly-wheel  Is 

WV        iWr'RT' 

F  = = =  0.000341  Wffr=, 

g  R  3600  0 

where  F^  centrifugal  force.  In  pounds, 
._  lf  =  weight  of  rim  in  pounds. 

v^  velocity  of  rim  in  teet  per  second, 
0  =  32.16, 

Jf  =  mean  radius  of  rim  In  feet, 
r^revolutons  per  minute. 
The  resultant  of  half  of  this  force  lends  to  disrupt  one-half  of  the 
rim  from  tbe  other  half.  Tbe  rupture  Is  resisted  by  the  two  sections 
of  the  rim  at  each  end  of  the  diameter.  Tbe  resultant  of  halt  the 
radial  forces  is  to  the  sum  of  half  of  the  radial  forces  as  the  diameter 
of  tbe  fly-wheel  Is  to  half  its  circumference,  or 

resultant  1 


sum  of  half  the  radial  forces 
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=  0.00010854  W  R  t: 

Ab  this  reBultant  force  Is  reslBted  by  tbe  section  at  each  end  of 
the  diameter,  each  section  must  resist  a  force 
0.00010854  W  ft  H 
S  = =  0.00005427  W  i?  r". 


The  weight  of  a  rim  of  cast  Iron,  one    square    Inch    in    section,    Is 
2  T  R  X  3.125  =  19.635  ft  pounds,  R  being  In  feet.    Consequently 
S  =  0.00005427  X  19-635  K  X  K  r"  =  0.0010656  ftV. 
in  Br  4iHft'r' 

But  aa  v^ .  and  v'^ .  we  have 

60  3600 

0.0010656  v*  X  3600 

8= =  0.0972  11-. 

4-' 
Thus  tbe  stress  8  In  the  fly-wheel  rim  Is  Independent  of  the  radius 
and  depends  only  on  tbe  rim  velocity. 

Formula  for  Qas  Bngloe  Ply-wheela 
The    following   formula    tor    the   calculation   of   Sy-wheels   for    gas 
engines  Is  applied  by  Mr.  R.  E.  Mathot  to  all  classes  of  engines.     If, 
In  the  formula, 

P^the  weight  of  the  rim   (without  arms  or  hub)   in  tons; 
i)  =  diameter  of  the  center  of  gravliy  of  the  rim  in  meters; 
a^tbe  amount  of  allowable  variation; 
n  =  the  number  of  revolutions  per  minute; 
N^the  number  of  brake  horse-power; 
A' ^coefficient  varying  with  the  type  of  engine: 
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N 

then.  P  =  K . 

D-an' 
ir  D  is  transformed  to  feet,  the  formula  will  read: 
10.75  N 

P  =  K . 

LPan' 
The  coefficient  £,  wblcb  varies  with  the  type  of  eogine,  Is  deter- 
mined as  follows: 

K^  44,000    for    Otto-cycle    engines,    single-cylinder,    single-acting, 

(Fig.  17.) 
f  =38,000  for  Otto-cycle  engines,  two  opposite  cylinders,  single-act- 
ing, or  one  cylinder  double-acting.     (Fig.  18.) 
£^25,000   for  two  cylinders  single-scting,  with  cranks  set  at  90 

degrees.     (Fig.  19.) 
iC  =  21,000  for  two  cylinders,  single-acting.     (Fig.  20.) 
£^7.000  for  (our  twin  ODposlte  cylinders,  or  for  two  tandem  cylin- 
ders, double-acting.     (Fig.  21.) 
The  factor  a,  the  allowable  amount  of  variation  in  a  single  revolu- 
tion of  the  fly-wbeel  Is  as  follows: 

For  ordinary   Industrial  purposes 1/25   to  1/30 

For  electric  lighting  by  continuous  current 1/50   to  1/60 

For  spinning  mills  and  similar  machinery 1/120  to  1/130 

For  alternating  current  generators  In  parallel 1/150 

The  total  weight  of  tbe  fly-wheel  may  be  considered  as  equal  to 
P  X  1.4. 
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PLY-WHBBL    TESTS 

Fly-wheelB  do  not  often  break  from  faults  of  construction  or  material, 
but  from  a  sudden  increaae  of  speed  due  to  some  accident.  Most  fly- 
vheelB  that  fall  are  really  sound  and  safe  under  ordinarjr  conditions, 
Tbe  fact  that  a  detective  wheel  may  run  for  years  and  then  suddenly 
burst,  flhows  that  the  Immediate  cause  was  not  the  detects,  but  some 
change  from  the  normal  condition  under  which  the  wheel  had  been 
running.  Wheels  do  not  often  tall  from  torsional  stress  or  from 
twisting  action  in  pulling  their  load,  because  enough  material  can  be 
put  in  the  wheel  to  resist  successfully  any  load  required  of  the  engine. 
Tbere  la,  however,  no  possible  way  to  overcome  the  centrifugal  force 
dne  to  speed.  Increasing  tbe  thickness  of  the  rim  of  tbe  wheel  does 
not  strengthen  it  so  tar  as  centrifugal  force  Is  concerned,  because  the 
weight  added  also  increases  tbe  centrifugal  force,  leaving  tbe  wheel 
no  stronger  than  before.  There  Is,  therefore,  a  definite  speed  at  which 
any  wheel,  however  sound,  will  explode,  regardless  of  the  amount  ot 
material  it  contains. 

For  cast  iron  wheels  sound  theory  borne  out  by  good  practice  has 
fixed  a  mile  a  minute  as  tbe  danger  limit  for  the  rim  speed.  Most 
wheels  are  run  at  or  near  this  speed.  The  normal  speed,  however. 
Is  only  ot  Incidental  consideration,  as  an  accident  may  at  any  moment 
allow  tbe  speed  to  get  beyond  the  normal.  Ajb  the  stress  in  the  rim 
due  to  centrifugal  force  increases  with  the  square  of  the  speed,  dis- 
ruption quickly  follows  even  a  slight  increase  In  speed.  If  tbe  speed 
should  be  accidentally  tripled,  tor  example,  the  stress  in  the  rim  would 
become  nine  tiToea  as  great  as  before,  and  the  wheel  would  tiave 
exploded  long  before  it  had  attained  that  speed.  As  a  matter  ot  fact, 
tbe  percentage  ot  fly-wheels  that  explode  Is  33  per  cent  .greater  then 
tbe  percentage  of  boilers  that  explode. 

Fly-'wheel  Tests  at  the  Caae  School  of  Applied  Sclenoe 

For  several  years  tests  have  been  conducted  at  the  Case  School  of 
Applied  Science,  Cleveland,  Ohio,  to  find  the  relative  strength  ot  fly- 
wheels of  different  designs  and  proportions,  and  the  results  of  these 
term  tbe  best  data  we  have  upon  the  strength  ot  sucb  wheels  at  the 
present  time.  The  teats  were  made  upon  small  model  wheels,  15  Inches 
to  2  teet  In  diameter,  run  at  enormously  high  speeds  by  means  ot  a 
steam  turbine,  nntll  they  finally  burst.  Apparatus  was  provided  for 
recording  tbe  speed  at  the  time  or  bursting.  At  tbe  annual  meeting 
ot  the  American  Society  of  Mechanical  Engineers  In  189S,  Prof.  C. 
H.  Benjamin  gave  the  resulte  of  the  tests  made  up  to  that  time  and 
drew  tbe  following  conclusions: 

1. — Ply-wheels  with  solid  rims,  of  the  proportions  usual  among  engine 
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builders,  and  having  the  usual  number  o[  arms,  have  a  sufficient  factor 
of  safety  at  a  rim  speed  ot  100  feet  per  second.  It  the  Iron  Is  ot  good 
quality  and  there  ar«  no  serious  cooling  strains.  In  such  wheels  the 
bending  due  to  centrifugal  force  is  slight  and  may  be  safely  dis- 
regarded. 

2. — Rim  Joints  midway  between  the  arms  are  a  serious  detect,  and 
reduce  the  factor  of  safety  very  materially.  Such  joints  are  as  serious 
mistakes  as  would  be  a  joint  in  tbe  middle  of  a  girder  under  a  heavy 
load. 

3.— Joints  made  In  the  ordinary  manner,  with  Internal  flanges  and 
bolts,  are  probably  the  worst  that  could  be  devised  tor  the  purtKise. 
Under  the  moat  favorable,  conditions  they  have  only  about  one-fourth 
the  strength  of  the  solid  rim  and  are  particularly  weak  against  bend- 
ing, in  several  Joints  of  this  character  on  large  fly-wheela,  calculation 
shows  a  strength  less  than  one-flftb  that  of  a  solid  rim. 

4. — The  type  ot  Joint  having  the  rim  held  together  with  links  la 
probably  the  best  that  could  be  devised  tor  narrow  rimmed  wheels 
not  intended  to  carry  belts,  and  possesses,  when  property  designed,  a 
strength  about  two-thirds  that  ot  the  solid  rim. 

At  the  1901  meeting  ot  the  society.  Prof.  Benjamin  gave  aome  ad- 
ditional data,  deduced  from  experiments  conducted  since  1898.  Wheels 
with  solid  rims  were  again  tested,  to  afford  a  standard  for  comparison 
by  which  wheels  with  Jointed  rims  ot  various  designs  could  be  Judged. 
These  burst  at  a  rim  speed  of  395  feet  per  second,  corresponding  to  a 
centrlfugaJ  tension  of  about  15,600  pounds  per  square  Inch. 

Four  wheels  were  tested  with  joints  and  bolts  inside  the  rim,  after 
the  familiar  design  ordinarily  employed  for  band  wheels,  but  with  the 
Joints  located  at  points  one-fourth  ot  the  distance  from  one  arm  to  the 
next,  these  being  the  points  of  least  bending  moment,  and,  consequently, 
the  points  at  which  the  deflection  due  to  centrifugal  force  would  be 
expected  to  have  the  least  effect.  The  tests,  however,  did  not  bear  out 
this  conclusion.  The  wheels  burst  at  a  rim  speed  ot  194  feet  per 
second,  corresponding  to  a  centrifugal  tension  ot  about  3,750  pounds 
per  square  inch.  These  wbeela,  therefore,  were  only  alKiut  one-quarter 
as  strong  as  the  wheels  with  solid  rims,  and  burst  at  practically  the 
same  speed  as  wlieels  In  the  previous  series  of  tests  in  which  the  rim 
joints  were  midway  between  the  arms.  This  is  doubtless  due  to  the 
tact  tliat  the  heavy  mass  ot  the  flanges  and  bolts  locates  the  bending 
moment  near  them.  In  these  wheels  the  combined  tensile  strength  of 
the  bolts  in  the  flange  Joints  was  slightly  leas  than  one-third  the 
strength  of  the  rim,  which  Is  atmut  the  maximum  ratio  possible  with 
this  style  of  joint. 

Another  type  of  wheel  with  deep  rim,  fastened  together  at  the  Joints 
midway  between  the  arms  by  links  shrunk  into  recesses,  after  the 
manner  ot  fly-wheels  for  massive  engines,  gave  much  superior  results. 
This  wheel  burst  at  a  speed  of  256  feet  per  second  Indicating  a  centrif- 
ugal tension  of  about  6,S00  pounds  per  square  Inch. 

Tests  were  made  on  a  band  wheel  having  Joints  Inside  the  rim, 
midway,  between    the  arms,  and    In   all   respects   like  others  ot  this       i 
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design  previously  tested,  except  tbat  tie  rods  were  used  to  connect 
tbe  Joints  wltb  the  bub.  It  burst  at  a  speed  at  225  feet  per  second, 
sbowluK  an  increase  of  strengtb  of  30  to  40  per  cent  over  similar 
wheels  without  tbe  tie  rods.  Several  wheels  of  special  design,  not  In 
common  use,  were  also  tested,  tbe  one  giving  the  greatest  strength 
being  an  English  wheel,  with  solid  rim  of  I-sectlon,  made  of  bigb- 
grade  cast  Iron  and  with  the  rim  tied  to  the  bub  by  steel  wire  spokes. 
These  spokes  were  adjusted  to  have  a  uniform  tension  by  "tuning," 
and  tbe  wheel  gave  way  at  a  rim  speed  of  424  feet  per  second,  which 
is  slightly  higher  than  the  speed  of  rupture  of  the  solid  rim  wheels 
with  ordinary  style  of  spokes. 

Tbe  Buratlns  of  a  Four-foot  Ply- wheel 

At  the  December,  1904,  meetiug  of  the  American  Society  of  Mechani- 
cal Engineers,  Pror.  Benjamin  read  a  paper  regarding  further  fly- 
wheel tests.  This  time  tbe  tests  were  made  on  fly-wheels  four  feet 
In  diameter.  To  insure  ^tety  to  the  students  and  to  tbe  building 
of  the  Case  School  of  Applied  Science,  these  tests  were  conducted  out- 
doors, in  consequence  of  which  they  nearly  proved  disastrous  to  the 
neighbors.  The  fly-wheels  were  run  in  a  casing  of  steel  castings, 
located  in  a  pit  lined  with  brick.  The  flanges  of  the  lower  half 
rested  on  brick  piers  and  were  bolted  in  place.  The  entire  upper  halt 
of  tbe  casing  could  be  hoisted  up.  giving  access  to  the  interior  for 
hoistiDg  or  removing  the  wheels.  Two  wheels  were  broken  success- 
fully, but  the  third  One  burst  through  its  bounds  and  carried  the  casing 
with  it  many  feet  in  tbe  air.  Fortunately,  every  precaution  for  safety 
had  been  taken,  all  tbe  observers  being  located  far  away  from  the 
plane  of  rotation  of  tbe  wheel. 

In  carrying  out  these  experiments,  the  shaft  supporting  the  wheel 
to  be  tested  turned  tn  bearings  bolted  to  angle  Irons  on  tbe  lower 
halves  of  the  side  plates,  and  was  connected  to  the  driving  mechanism 
just  Inside  the  building  by  a  flexible  sleeve  coupling.  After  the  wheel 
was  in  place,  the  casing  was  lined  with  wooden  blocks  to  absorb  the 
momentum  of  the  flying  fragments.  Instead  of  using  a  steam  turbine 
as  in  former  experiments,  tbe  fly-wheel  abaft  was  speeded  up  by 
means  of  a  Reeves  variable  speed  countershaft.  Interposed  t>etween 
line-shaft  and  driving-shaft. 

The  first  wheel  to  t>e  experimented  on  was  a  well-proportioned  cast- 
iron  pulley,  such  as  Is  used  on  shafting  for  transmitting  power.  This 
pulley  was  48  inches  In  diameter,  bad  six  arms  and  weighed  194 
pdunds.  The  rim  was  whole  and  was  g>4  inches  wide  and  about  % 
inch  thick,  finished  on  the  outside.  The  arms  were  elliptical  in 
section.  31^  inches  by  11/16  Inch  at  the  hub.  and  2  Inches  by  % 
Inch  at  the  rim.  On  the  whole  the  wheel  was  well-designed  and 
showed  no  signs  of  sbrlnkage  strains.  It  had,  however,  been  balanced 
in  tbe  customary  manner  by  riveting  a  cast-iron  washer  Inside  the 
rim  at  the  lighter  side,  and  this  proved  its  undoing.  The  combina- 
tion of  a  thin  place  in  the  rim,  a  rivet  hole  and  heavy  mass  of  cast 
iron  is  enough  to  wreck  any  wheel. 
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Ab  has  been  shown  by  previous  experiments  on  whole  rim  wheels 
of  cast-iron,  a  bursting  speed  of  400  feet  per  second  may  be  reason' 
ably  expected.  The  circumference  of  a  four-foot  wheel  being  about 
121^  feet,  such  a  wheel  should  burst  at  about  32  revolutions  pe: 
second,  or  1,920  revolutions  per  mloute.  The  pulley  In  question  burst 
at  1,100  revolutions  per  mluute,  as  recorded  by  a  tachometer  coO' 
nected  to  the  driving-shaft.  The  balance  weight  weighed  i%-  pounds. 
and  its  center  waa  approximately  23  inches  from  the  axis  of  rotation 
At  1,000  revolutions  per  minute  the  centrifugal  force  of  the  balance 
weight  alone  would  be  2,760  pounds.  Add  this  radial  pressure  at  a 
wealt  point  between  the  arms  to  that  due  to  the  weight  oC  the  rim 
itself,  and  the  low  bursting  speed  Is  easily  accounted  for.  The  linear 
speed  of  tbe  rim  at  rupture  was  230  feet  per  second.  As  100  feet 
per  second  is  considered  tbe  limit  for  belt  speed,  this  pulley  would 
have  a  working  factor  of  safety  of  (2.3)'  or  5.3.  But  suppose  the 
rim  bad  been  a  little  thinner  and  consequently  a  bigger  weight  had 
teen  put  on  with  a  larger  rivet? 

Wheel  No.  2  was  a  cast-Iron  pulley  of  the  same  general  style  and 
dimensions  as  No.  1,  but  with  a  split  hub  and  rim.  The  balance- 
weight  was  present  here  as  In  the  former  case,  but  was  obliged  to 
yield  tlie  palm  to  its  rival,  the  flanged  joint.  The  wheel  bad  been 
cast  In  one  piece,  as  is  usual  In  such  cases,  with  cavities  cored 
at  the  joints  of  rim  and  hub.  After  finishing.  It  had  been  broken 
apart  by  wedges,  making  a  fracture  joint  The  flanges,  being  located 
midway  between  the  arms  and  twlted  at  some  little  distance  inside 
the  rim,  were  In  the  worst  possible  position  to  withstand  the  bending 
action  due  to  centrifugal  force,  and  their  own  weight  only  aggravated 
the  difficulty.  The  flanges  weighed  with  their  traits  7^  pounds.  Tbls 
wlieel  buret  at  less  than  TOD  revolutions  per  minute,  the  tachometer 
not  recording  below  this  speed.  It  was  estimatea  that  the  speed 
was  only  about  600  revolutions  per  minute.  At  this  speed  the  cen- 
trifugal force  of  the  flanges  on  one  side  would  have  Iieen  l.GSO  pounda 
At  600  revolutions  per  minute  the  linear  speed  of  rim  would  be  only 
125  feet  per  second.  Ai  the  very  common  belt  speed  of  4.500  feet  per 
minute  tbe  factor  of  safety  would  be  but  2.8.  which  Is  altogether  too 
low-,  considering  the  nature  of  the  material  and  the  shocks  to  which 
a  pulley  may  be  exposed. 

It  was  reserved  for  wheel  No.  3  to  develop  the  most  dramatic  series 
ot  Incidents  of  any  yet  experimented  upon,  big  or  little.  This  wheel 
measured  49  Inches  In  external  diameter  and  weighed  alraut  900 
pounds.  The  rim  was  6%  Inches  wide  and  1%  loch  thick,  and  was 
built  of  ten  segments,  the  material  being  steel  casting.  Each  joint 
was  secured  by  three  prisoners  of  an  1-sectlon  on  the  outside  face,  by 
link  prisoners  on  each  edge,  and  by  a  dove-tailed  bronze  clamp  on  the 
inside,  fitting  over  lugs  on  the  rim.  Tbe  arms  were  ot  phoephor 
bronze,  twenty  in  number,  ten  on  each  side,  and  were  a  cross  in  section. 
These  arms  came  midway  l>etween  the  rim  Joints,  and  were  bolted  to 
plane  faces  on  tbe  polygonal  hub.  The  rim  was  further  reinforced 
by  a  system  ot  diagonal  bracing,  each  eectlon  of  the  rim  being  sup- 
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[K>rted  at  five  points  on  each  side.  In  such  a  way  as  to  relieve  it  almost 
entirely  from  bending.  Tbe  braces,  lUie  tbe  arms,  were  of  phosphor 
bronze,  and  all  bolts  and  connecting  links  o(  steel.  This  wheel  was 
designed  by  a  Baltimore  firm  aa  a  model  of  a  proposed  30-foot 
fly-wheel. 

On  account  of  the  encesBive  air  resistance  It  was  found  necessary 
to  enclose  tbe  wheel  at  tbe  sides  between  sheet-metal  dlske,  before  any 
great  speed  could  be  attained.  Even  then  repeated  trials  failed  to 
reach  a  speed  ot  more  than  SOO  or  900  revolutions  per  minute  on 
account  ot  the  great  inertia  of  tbe  wheel,  and  the  consequent  slipping 
of  belts.  By  putting  on  mare  and  wider  belts,  and  by  a  lllwral  use  of 
"Cllng-Surface"  and  with  the  aid  of  a  lY^  horse-power  electric  motor 
belted  on  In  parallel,  It  was  found  possible  to  get  a  speed  of  1,650 
revolutions  per  minute,  and  after  the  wheel  bad  been  run  at  this  speed 
It  was  stopped  and  examined. 

I'he  Inspection  showed  fracture  ot  several  ot  the  I-Bhaped  prisoners 
on  the  out^r  surface  of  the  Joints  and  a  slight  opening  of  the  Joints 
themselves,  to  tbe  extent  ot  perhaps  one  or  two  hundredths  of  an 
inch.  On  June  2,  1903,  the  casing  was  closed  for  the  last  time,  and  the 
combination  of  driving  mechanisms  set  to  work.  The  observers  were 
alt  well  protected  by  the  thick  piers  of  the  building,  while  other  spec- 
tators were  kept  at  a  safe  distance  and  well  away  from  the  plane  of 
rotation.  Two  of  tbe  observers  watched  the  pointer  of  the  tachometer 
through  opera  glasses,  another  Kept  tbe  time,  while  a  fourth  manipu- 
lated the  driving  levers. 

As  the  hand  of  the  speed  counter  reached  and  slowly  passed  the 
1,600  mark,  the  feeling  of  suspense  on  tbe  part  ot  those  watching 
reached  tbe  acute  stage.  The  pointer  crept  slowly  on  and  when  It  quiv- 
ered on  the  mark  of  1,775,  there  was  a  sudden  crash,  a  sound  of  rending 
and  tearing,  and  the  observers  saw  the  countershaft  Inside  writhing  on 
the  floor  like  a  wounded  snake.  On  stepping  outside  they  were 
saluted  by  a  shower  of  falling  splinters  and  fine  debris,  and  were  sur- 
prised— putting  it  mildly — to  not«  the  disappearance  ot  the  greatei 
part  ot  casing  and  wheel. 

The  steel  rim  of  the  casing  was  broken  about  six  inches  below 
one  ot  the  flanges,  and  the  entire  upper  half  weighing  half  a  ton  was 
projected  about  T6  feet  into  the  air  and  landed  some  hundred  feet 
away  on  the  campus.  On  Its  way  up  it  carried  away  part  ot  the 
cornice  of  tbe  building,  and  this  collision  was  probably  wliat  caused 
It  to  deviate  so  much  from  a  vertical  path.  Tbe  bub  and  main  spokes 
of  the  wheel  remained  nearly  In  place,  but  parts  of  the  rim  were  found 
two  hundred  feet  away,  while  one  large  fragment  landed  on  the  root 
of  the  building. 

This  sudden  failure  ot  tbe  rim  casing  was  unexpected,  as  it  was 
thought  the  flange  bolts  were  the  parts  to  give  way  first.  The  tensile 
strength  ot  the  casing  at  the  point  ot  fracture  was  about  1,200,000  pounds, 
or  about  four  times  the  strength  of  the  wheel  rlm  at  a  solid  section. 
Examination  of  the  break  in  tbe  casing  showed  a  clean,  bright  fracture, 
wirh  almost  no  Imperfections. 
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Tbe  failure  of  the  nbeel  Iteelf  was  due  to  a  gradual  opening  of  the 
JolutB,  occasioned  by  the  fractui^'of  tbe  outside  prleonera,  and  to  flaws 
In  the  bronze  castings  of  the  arms  near  their  junction  with  the  rim. 
On  putting  the  pieces  or  the  wheel  together  In  thetr  original  order  It 
was  easr  to  locate  the  Joint  which  first  gave  way,  on  account  of  the 
S3m]inetry  of  the  breaks  either  side  of  a  diameter  through  this  point. 
It  is  but  fair  to  the  builders  o[  the  wbeel  to  say  that  the  fractures 
showed  uniformity  of  strength  and  of  worltmanshlp.  since  tbere  was  - 
hardly  a  member  or  a  Joint  nbich  did  not  fail  In  one  part  of  another 
of  the  wheel. 

One  thousand  seven  hundred  and  seventy-flve  revolutions  per  minute 
means  a  linear  speed  ot  rim  ot  22.300  feet  per  minute,  or  372  feet  per 
second  would  be  645,000  foot-pounda.  Further  assuming  that  none  ot 
rim  ot  good  design,  but  It  is  greater  than  the  speed  of  any  sectional 
or  Jointed  rim  which  has  been  tested.  The  tensile  streea  due  to  the 
centrifugal  force  at  this  speed  Is  13.S00  pounds  per  square  Inch.  This 
shows  that  the  joints  were  much  weaker  than  tbe  solid  rim.  On 
the  whole,  the  teat  of  this  particular  wheel  was  disappointing,  since 
its  strength  was  not  sufficient  to  repay  one  tor  the  axiwnse  of  the 

It  Is  interesting  to  compare  the  kinetic  energy  ot  the  rim  of  the 
wheel  at  the  recorded  speed  with  the  work  ot  destruction.  Aaauming 
the  rim  with  its  lugs,  flanges,  etc.,  to  weigh  300  pounds,  which  is  a 
reasonable  estimate,  the  kinetic  energy  at  a  speed  of  372  feet  per 
second  would  be  645,000  foot-pounds.  F^irtber  assuming  that  none  of 
the  energy  was  dissipated  in  beat,  and  that  the  combined  mass  of 
wheel  and  casing  projected  into  the  air  weighed  1,500  pounds,  we  find 
the  height  ot  projection  to  be  430  feet. 
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SAFE    SPEED    FOB    FLY-WHEELS 

The  lollowlng  Is  an  abstract  from  an  article  by  Mr.  William  H. 
Boebm,  In  the  Monthly  Bulletin  of  the  Fidelity  and  Catuatty  Company- 
It  Is  a  well  understood  fact  tbat  while  an  engine  pulley  or  fly-wbeel 
can  be  designed  to  succesBfull]'  resist  tbe  torsloaal  stresses  due  to 
any  load  required  of  tbe  engine,  there  Is  no  posalbla  way  to  overcome 
the  centrifugal  force  due  to  speed.  For  a  given  material  there  Is  a 
definite  speed  at  wliicli  disruption  will  occur  regardless  of  the  amount 
of  material  used.  This  is  not  an  uncertain  theory,  but  a  mathematical 
truth  easily  demonstrated,  and  is  expressed  by  the  following  formula: 


r=i..^- 


in  which  V  Is  the  velocity  of  the  rim  of  tbe  wheel  In  feet  per  second 
at  which  disruption  will  cccur,  W  the  weight  of  a  cubic  Inch  of  the 
material  used,  and  8  the  tensile  strength  per  square  inch  of  the 
material. 

In  words  tbe  formula  means  that  If  we  divide  the  tensile  strength 
of  tbe  material  by  Its  welgbt  per  cubic  Inch,  extract  the  square  root 
of  tbe  quotient  and  then  multiply  this  by  1.6,  the  result  will  be  the  rim 
speed  in  feet  per  second  at  which  disruption  will  occur.  It  Instead  of 
the  ultimate  strength  of  the  material  we  take  Its  sate  strength,  the 
result  will  be  the  rim  speed  In  feet  per  second  at  which  the  wheel 
may  be  run  with  safety;  the  supposition  so  far  being,  however,  that 
tbe  rim  Is  made  solid  In  one  piece  of  homogoneouB  material  and  free 
from  shrinkage  strains. 

Applying  the  formula  to  determine  the  safe  rim  speed  for  cast  Iron 
wheels  made  in  one  piece,  we  would  assume  tbat.  If  the  ultimate 
strength  of  small  test  bars  were  20,000  pounds  per  square  Inch,  we 
could  depend  upon  having  10,000  pounds  in  large  castings.  Using  a 
factor  of  safety  of  10  on  this  would  give  1,000  pounds  per  square  Inch 
as  the  safe  strength  of  this  material.  The  weight  of  a  cubic  Inch  of 
cast  Iron  Is  approximately  0.26  pounds,  so  that  we  have  for  cast  iron 
wheels: 
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per  second:  so  tbat  100  feet  per  second  may  be  regarded  as  a  safe  rim 
speed  for  cast-iron  wheels  made  In  one  piece.  This  corresponds  to  about 
1.15  miles  per  minute,  but  as  such  wheels  are  Uhely  to  contain  shrink- 
age strains,  It  Is  not  considered  good  practice  to  run  them  faster  than 
a  mile  a  minute. 
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If  the  wheel  is  made  In  halves,  or  sections,  the  efficiency  at  the  rfm 
Joint  must  be  taken  Into  consideration.  For  belt  wheels  with  flanged 
aad  bolted  rim  joints  located  t>ctween  the  arms,  the  Jolnte  average 
only  one-fltth  the  strength  of  the  rim,  and  no  sucb  Joint  can  be 
designed  having  a  strength  greater  than  one-Iourtb  the  strength  of  the 
rim.  It  the  rim  U  thick  enough  to  allow  the  joint  to  be  reinforced 
by  Bteel  links  shrunk  on,  as  In  heavy  balance  wheels,  one-third  the 
strength  of  the  rim  may  \x  secured  in  the  joint,  but  this  construction 
cannot  be  applied  to  belt  wheels'  having  thin  rims. 

Applying  tbe  formula  to  wheels  made  of  steel  casting  having  an  ulti- 
mate strength  of  60.000  pounds  per  square  inch,  or  a  sate  strength  of 
6,000  pounds  per  square  Inch,  and  weighing  0.2S  pound  per  cubic  inch, 
we  baVe; 
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per  second ;  so  that  a  steel  casting  wheel  made  In  one  piece  and  free  from 
shrinkage  strains  could  be  run  with  perfect  safety  at  a  rim  speed  of 
231  feet  per  second,  corresponding  to  2.66  miles  per  mln^ite. 

It  will  perhaps  surprise  some  mechanics  to  learn  that  wheels  made 
of  wood  may  be  run  at  a  higher  speed  than  those  made  of  cast  Iron. 
Wood,  however,  is  one  of  the  very  beat  materials  that  can  be  used  for 
fly-wheel  construction,  and  many  large  wheels  have  been  constructed 
of  this  material  and  are  giving  satisfactory  results.  Applying  tbe 
formula  to  hard  maple  having  a  tensile  strength  of  10.500  pounds  per 
square  inch,  and  weighing  0.0283  pound  per  cubic  inch,  we  have,  using 
a  factor  of  safety  of  20,  and  remembering  that  the  strength  Is  reduced 
one-bait  because  the  rim  is  built  up  of  segments, 
I   26"2T5" 

=  154.1 
0.02S3 

per  second;  so  that  &  well^nade  maple  wheel  may  be  run  with  perfect 
safety  at  a  rim  speed  of  154  feet  per  second,'  which  corresponds  to 
1.75  miles  per  minute.  Or  comparing  two  wheels  of  tbe  same  diameter, 
one  of  cast  iron,  tne  other  of  maple,  the  number  of  revolutions  per 
minute  for  the  maple  wheel  may  be  54  per  cent  greater  than  for  the 
east  Iron  wheel.  One  hundred  and  Otty-tour  feet  per  second  would  not. 
however,  be  a  safe  rim  speed  for  tbe  wood  wheel  It  made  in  halves  or 
sections,  on  account  of  the  weakness  of  rim  joints. 

Of  late  years  wheels  for  large  electric  plants  have  been  built  up  of 
steel  plates  riveted  together,  and  wheels  for  special  work  or  unusually 
high  speed  have  been  specially  designed.  It  Is  questionable,  however, 
whether  tbe  complicated  built-up  steel  construction  Is  profitable  for 
wheels  of  standard  steam  engines  as  commercially  built.  When  an 
engine  runs  fast  enough  to  burst  a  well-made  cast  Iron  wheel  It  Is 
doubtful  whether  anything  would  save  It.  Tbe  small  amount  of  time 
required  for  the  additional  acceleration  necessary  to  burst  a  steel  wheel 
at  that  stage  would  be  little,  and  when  the  crash  did  come,  it  would  be 
all  tbe  more  disastrous. 
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From  the  abave  tormutas  It  will  b«  seen  that  the  stress  In  the  rim 
of  a  wheel  lacreaees  with  the  square  ol  the  speed,  or,  to  put  It  tn  other 
words,  the  factor  of  safety  on  speed  is  always  the  square  root  of  the 
factor  of  safety  on  strength.  If  the  speed  be  tripled,  for  example,  the 
strSBB  Id  the  rim  becomes  nine  times  as  great  as  before;  that  Is.  with 
a  factor  of  safety  of  nine  on  strength,  there  Is  a  factor  of  safety  of 
only  three  on  speed,  tt  will  be  understood  from  this  that  the  stress 
Increases  enormously  for  even  a  slight  Increase  in  speed. 

Let  us  consider  the  usual  cast  iron,  sectional,  belt  wheel  having 
flanged  and  bolted  rim  Joints  located  between  tbl!  arms.  As  pointed  out 
above,  such  Joints  aTerage  a  strength  of  only  one-fifth  the  strength  of 
the  rim.  and  no  Joint  ot  this  kind  can  be  designed  that  will  have  a 
strength  greater  than  one-fourth  the  strength  of  the  rim.  If  this 
wheel  had  at  normal  speed  a  factor  of  safety  of  12  in  the  rim,  then 
wlib  Joints  of  maximum  strength  the  (actor  ot  safety  In  the  Joint 
would  he  only  3  on  strength  or  1.73  on  speed.  That  is,  an  Increase 
In  speed  of  73  per  cent  would  burst  the  wheel.  The  wide  gulf  In  this 
case  between  the  apparent  factor  of  safety  of  12  on  strength  and  the 
real  factor  ot  safety  of  1.T3  on  speed  Is  appalling.  This  Is,  however, 
only  another  warning  that  things  are  not  always  as  they  seem. 

As  a  matter  of  fact,  few  wheels  have  a  margin  of  safety  ot  73  per 
cent  on  speed.  In  the  accident  of  the  Amoskeag  Mllla,  In  which  a 
SO-foot  wheel  wrecked  the  building,  killed  two  girls  and  badly  injured 
the  assistant  engineer,  the  evidence  proved  that  an  Increase  in  speed 
of  only  20  per  cent  caused  the  disaster.  Many  wheels  In  use  to^ay 
are  running  on  a  narrower  margin  than  this.  It  will  now  be  under- 
stood why  racing  Is  so  frequent  a  cause  of  fly-wheel  accidents.  Some 
slight  accident  to  the  governor  or  valve  gear  of  the  engine  occurs, 
and  away  goes  the  wheel,  causing  a  costly  tf  not  fatal  wreck.  The 
stress  in  the  rim  Increases  so  rapidly  with  increase  of  speed  that 
sound  wheels  amply  safe  at  normal  speed,  go  to  pieces  without  warn- 
ing, and  apparently  without  cause. 
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SIZE,   ■WEIGHT    AND    CAPACITT    OF    FLY-WHEELS 
FOE    PUNCHES 

Id  this  chapter  will  be  given  a  method  of  detenu inlng  the  size. 
weight  and  capacity  of  a  fly-wheel  to  punch  a  given  slse  hole  through 
a  given  thickness  of  metal. 

BfTect  of  Relative  Size  of  Punch  and  DIb,  and.  Shape  of  Punch 

To  begin  with,  there  are  a  number  of  things  which  affect  the  effort 
that  is  required  to  punch  a  certain  size  hole  through  a  given  thick- 
ness of  metal.  In  Fig.  22,  P  U  the  punch.  A  la  the  diameter  of  the 
punch,  and  A  +  x  \b  the  diameter  ot  the  hole  in  the  die.  For  the 
regular  run  of  work,  and  for  a  %-inch  punch,  the  hole  In  the  die 
would  be  about  1/32  inch  larger  than  the  punch.     It  we  reduce  the 


size  ot  the  hole,  the  effort  necessary  to  punch  the  hole  will  be  greatly 
IncreaBed,  and  the  life  of  the  punch  will  he  short,  but  If  we  Increase 
the  size  of  the  hole,  within  certain  limlta,  the  effort  required  to  punch 
the  hole  will  be  lees,  and  the  life  of  the  punch  will  be  greatly  In- 
creased, The  use  of  a  large  hole  In  the  die  causes  a  cone-shaped  hole 
In  the  sheet,  which  Is  always  more  or  less  objectionable,  and,  there- 
fore, one  cannol  get  too  far  away  from  the  standard  proportions  used 
by  punch  makers.  The  punching  effort  required  will  also  be  decreased 
by  the  use  of  a  puDch  which  has  something  ot  a  shearing  action,  as 
shown  at  A.  Fig.  23.  The  flat  portion,  B.  enters  the  sheet  first  and 
probably  presents  no  more  than  one-fourtb  the  lotal  cutting  circum- 
ference of  the  punch.  By  the  time  the  whole  punch  has  entered  Into 
the    sheet,   which   would    represent   the   greatest  effort    required,   the 
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metal  under  B  is  nearly  sheared  away.  TbrouKb  the  remainder  of 
the  stroke  there  Is  a  shading  off  at  the  effort  required  to  remove  the 
metal.  The  shape  at  the  punch  with  reterence  Co  the  diameter  of  the 
end  and  of  the  body  also  has  some  effect  upon  the  effort. 

Fig.  24  shows  a  regular  flat  punch.  The  sides  of  8  are  tapered  off 
gradually  from  %  Inch  at  the  bottom  to  11/16  inch  at  the  top.  Fig. 
25  shows  a  similar  punch  with  the  sides  parallel,  but  flaring  off  at 
the  bottom  for  a  distance  of  3/16  Inch.  ,  There  Is  little  dlfFerence  in 
the  effort  required  In  using  either  of  theee  punches  when  both  are 
new.  But  when  they  become  worn  the  side  pressure  against  the  punch 
Is  considerable.  It  Is  this  wearing  off  of  the  sides  which  causes  the 
greatest  trouble  in  punching.    The  style  shown  in  "B^s.  25  1b  used  a 


great  deal  in  structural  work,  and  seems  to  give  less  trouble  from  side 
friction  than  the  punch  shown  In  Fig.  24. 

Functalnff  EITort  Proportional  to  Area  Sbeared 

In  calculating  the  size  fly-wheel  which  will  be  necessary  to  punch 
a  given  hole,  a  flat  punch  only  will  be  considered,  and  It  will  be 
assumed  that  the  punches  are  kept  In  fairly  good  condition.  Also,  the 
calculations  will  be  based  upon  punching  wrought  Iron  and  steel,  sucb 
as  boiler  plate,  angles,  tees,  bars,  etc. 

The  area  sheared  off  In  punching  a  Wnch  hole  through  a  %-lnch 
plate  is  the  circumference  of  a  Wnch  circle,  times  the  thickness  of 
the  sheet.    The  circumference  of  a  1-inch  circle  Is  3.1416  Inches. 

Let  d  =  area  to  be  sheared  =  3.1416  X  %  =2.3562  square  Inches,  or 
say,  for  all  practical  purposes,  e=  2.36  square  Inches. 

For  ordinary  run  of  work,  we  will  use  a  shearing  resistance  stress 
of  60,000  pounds  per  square  Inch.  In  working  with  harder  or  softer 
tnaterial,  this  shearing  stress  wlli  have  to  I>e  taken  higher  or  lower, 
depending  upon  the  shearing  stress  of  different  metals.        .  , 
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Let  P^the  push  required  to  puncli  the  hole,  or  tbe  shearing  effort, 
S^  shearing  stress  per  unit  of  area  ^60,000  pounds  per  square 
inch. 
Wfi  then  have 

P  =  Ax8.  and  (or  the  caae  considered  =  2.36  x  60.000  =  141  GOO 
pounds  =  effort  required  to  punch  a  1-incta  hole  through  3/4  Inch  plate. 

In  order  to  punch  such  a  hole,  a  large  amount  of  energy  will  be 
required  for  a  brief  period  ot  time,  as  one  can  infer  from  the  crank 
circle  shown  In  Fig.  26.  in  which  the  punching  Is  represented  as  being 
all  done  through  the  small  portion  T  ot  the  circumference.  This 
dislance  represents  the  distance  that  the  crank-pin  passes  through 
while  removing  the  metal,  D  being  the  tbe  diameter  of  the  crank-pin 
circle.  It  will  be  seen  from  the  case  shown  that  T  represents  about 
one-tenth  of  the  crank  circle.  The  energy  required  for  punching  would 
hare  to  be  given  out  iu  about  one-tenth  revolution  ot  the  eccentric 


shaft.  During  tbe  meantime  the  machine  can  pick  up  energy  through 
the  other  nine  parts  of  the  circumference.  II  the  fly-wheel  Is  properly 
proportioned,  and  if  the  energy  applied  to  tbe  machine  is  sufflcient. 
the  fly-wheel  will  pick  up  through  these  nine  parts  of  the  circumfer- 
ence sufficient  energy  to  do  the  punching  while  tbe  crank-pin  is  pass- 
ing through  the  tenth  part  ot  the  circumference. 

Design  of  Fly-wheel  and  its  Function 
A  good  design  of  fly-wheel  Is  shown  in  Fig.  27.  The  ledge  L  Inside 
the  fly-wheel  extends  from  arm  to  arm,  which  makes  very  strong 
connection  between  the  arm  and  rim.  The  outside  diameter  D  of  the 
flywheel  as  well  as  the  sides  are  machined.  The  hub  H  should  never 
be  less  than  two  diameters  of  the  shaft.  A  good  deal  depends  upon 
the  strength  of  this  hub.  and  as  tbe  extra  metal  required  to  increase 
the  size  of  the  hub  Is  small  in  proportion  to  the  size  ot  the  fly-wheel, 
It  Is  good  practice  to  make  tbe  hub,  say,  from  2^  to  3  times  the  diam- 
eter of  the  shaft. 
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la  order  that  the  fly-wheel  shall  give  out  energy,  It  must  slow  down 
fn  speed.  If  the  fly-vheel  Is  not  large  enough,  the  energy  required 
will  be  greater  than  the  capacity  of  tho  fly-wheel,  and  the  change  in 
speed  will  be  great.  In  some  caaea  a  machine  might  even  be  stopped 
owing  to  the  fly-wheel  not  having  energy  enough.  If  a  fly-wheel  Is 
properly  designed  it  will  perform  Its  work  and  alow  down  in  speed  a 
certain  percentage,  but  this  must  not  be  so  great  that  the  machine 
cannot  pick  up  again  tor  the  next  stroke.  The  amount  that  the  fly- 
wheel can  be  slowed  down  by  taking  Its  energy  away  from  It  Is  a 
matter  of  experiment  For  ordinary  punch  and  shear  work  we  can 
take  this  drop  in  speed  to  be  about  20  per  cent  while  the  machine  is 
doing  the  work.    This  would  have  to  be  regained  through  the  belt  or 


through  the  motor  during  the  remaining  portion  of  .the  stroke  so  that 
the  fly-wheel  would  be  up  to  speed  again  lor  punching  the  next  hole. 
There  are  many  belted  punches  which  are  running  along  and  doing 
their  work  satisfactorily  which  are  not  at  all  up  to  this  standard  of 
requirement  The  reason  for  this  is  that  these  machines  punch  a 
hole  only  "once  in  a  while."  The  drop  In  speed  ts  very  much  greater 
than  one-flftb,  being  probably  one-third.  If  one  should  take  such  a 
machine  with  tbe  rated  capacity  of  1  Inch  through  %-lncb  plate,  and 
punch  one  bole  after  the  other  without  missing  a  stroke,  the  machine 
would  stop.  In  this  connection,  therefore,  It  will  be  noted  that  there 
Is  a  chance  for  a  great  variation  in  the  size  of  fly-wheel  and  the 
horse-power  required  to  drive  a  punch.  In  these  calculations  the  fly- 
wheel will  be  BO  proportioned  as  to  punch  Its  rated  capacity  for  every 
Stroke  for  continuous  working. 
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Let  y ^=yt\oc\Xy  of  center  of  gravity  o(  fly-wheel   rim  at  normal 
speed  before  puncbing,  In  teet  per  second, 


PUt.  as.   Dlnsmm  lUuairmtt 

£  =  tbe  energy  delivered  to  the  fly-wheel  or  given  out  by  the 
fly-wheel  for  one  stroke. 
W,  =  weight  of  the  rlra, 
W.  =  weight  of  the  arms, 

ff  =  32  (approximately)  :=  acceleration  due  to  gravity. 
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=  Telocity  of  mean  periphery  of  flywheel  rim  after  punching. 
In  feet  per  eecond.' 

Then£=  (TT,  +  J  IT.)!- ~\  (1) 


F^) 


In  this  eipreealon  W.  represents  the  weight  of  the  arms.  This  is  a 
very  smalt  percenUge  of  the  total  wel^t  of  the  fly-wheel,  and  for  all 
purposes  we  can  neglect  this  item. 

Neglecting  item  1/3  W.  we  have  for  <1) 


(2) 

To  Calculate  the  Welffht  of  the  Fly-wbeel 
E  also  equals  the  energy  necessary  to  punch  a  1-inch  bole  through 
a  ^-inch  plate.  Experiments  show  that  when  a  punch  has  entered 
about  one-third  way  throngb  the  sheet,  see  Fig.  ZS,  the  material  is 
all  sheared  off,  or  in  other  words,  when  the  punch  has  passed  one- 
third  way  through  the  sheet,  the  hole  Is  punched,  and  It  then  only 
remains  to  push  the  punching  out  through  the  die. 
Let  Tszthickness  of  platen  %-lnch;  we  then  have 

1/3  r 


^2,950  foot-pounds  ^  energy  required  per  stroke. 
By  transposing  equation  (2),  we  have 

£X  64 
W,  = (3) 

V  — V,' 

In  order  to  determine  Ihe  size  of  the  fly-wheel,  we  must  know  the 
speed  of  the  fly-wbeel,  and  we  must  assume  a  diameter  which  in  our 
Judgment  would  be  approximately  correct.  We  will  take  for  the 
prcRent  case  a  single^nded  punch,  as  shown  In  Fig.  29,  with  hottom 
drive,  with  tight  and  loose  pulleys  and  with  a  single  fly-wheel  F  run- 
ning at  a  normal  speed  of  1T5  R.  P.  M.  before  punching  and  falling 
oft  20  per  cent  during  the  actual  punching  operation.  TMs  machine 
should  take  a  fly-wheel  about  3G  Inches  outside  diameter,  or  say  about 
30  inches  diameter  at  center  of  gravity  of  rlro.  The  velocity  in  feat 
per  second  would  be 
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dla.  X  X       176 


W,  =  - 


=  23  teet.    SubstltutiDE  In  <3)  ' 
2950  X  64 


23'- 


■  18.4" 


^  992  pounds,  weight  of  fl;-whee1. 
This  flf-wheel  would  be  made  of  caat  iron  and  tbe  section  of  tbe 
rim  would  be  obtained  thus; 
Let  B  =  the  face  of  the  fly-wheel  <Bee  Fig.  30)  =6%  Inches, 
F^the  average  thickness  oF  the  rim.    We  then  have 


W,  =6%  X  H  X  30  X  X  X  0-2S,  and  transposing 


992 

6%  X  30X  IT  X  0.26 

=  G  Inches  depth  of  rim. 

Tbe  fly-w'heel,  therefore,  should  tie  36  Inches  outside  diameter  with 

a  rim  %'Yi  inches  face  by  6  inches  thick. 

BiTeot  of  Frame  Elaatlclty  In  Beduolnp  Bfaolenoy 
There  Is  another  thing  which  should  I>e  mentioned  tn  connection 
with  tbe  Bize  of  a  fly-wheel  which  would  be  required  to  do  a  certain 
amount  of  work.  If  the  machine  U  not  Btllf  In  the  frame  or  shafting, 
a  large  amount  of  energy  will  disappear,  and  there  is  apparently 
nothing  to  Bhow  for  It.  This  can  beet  be  explained  by  referring  to 
Fig.  31,  wlilch  shows  a  double-ended  punch.     If  the  shaft 
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Id  diameter,  or  If  the  distance  between  the  bearings  B  and  B  Is  great, 
this  Shalt  will  spring,  and  the  result  or  the  effect  ot  the  fly-vheel  Is 
"deadened."  Also,  If  the  eccentric  shaft  la  very  long  and  Is  small  In 
diameter.  It  will  hsve  the  same  effect,  hence  the  great  importance  of 
a  BOlid  machine  for  punching,  tt  Is  remarkable  what  capacity  the 
upright  punching  press  has,  but  this  Is  largely  doe  to  the  very  solid 
construction.  The  metal  In  the  upright  Is  In  direct  tension,  therefore 
the  spring  or  stretch  Is  small.  With  a  regular  punching  machine. 
:.  Doonnaoira  of  flt-v 
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however,  there  are  a  number  of  chances  for  spring,  and  each   cuts 
down  the  fly-wheel  effect. 

With  a  short  throat  punch  there  Is  not  much  spring  In  the  frame. 
but  with  a  deep  throat  punch  the  spring  Is  considerable  In  amount.  A 
Bpring  of  1/8  to  3/16  Inch  at  the  dies  Is  a  very  common  thing.  A  deep 
throat  machine  will  punch  far  beyond  Its  rated  capacity  If  the  tte-_ 
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rods  are  placed  close  up  to  the  head.  This  stiffens  tbe  machine  and 
concentrates  the  work  of  the  fly-wheel  on  th«  metal  being  punched. 
A  short  throat  punch  is  UHually  rated  higher  in  capacity  than  a  deep 
throat  puQch  of  the  same  pattern.  In  figuring  the  size  fly-wheel,  there- 
fore. It  should  be  made  large  enough  to  do  the  work  of  a  short  throat 
punch. 

When  a  double-end  punch  is  required,  as  In  Fig.  31,  one  or  two 
fly-wheels  may  be  nsed.  Frequently,  on  account  of  the  limited  space, 
two  fly-wheels  must  be  used.  This  wheel  or  wheels,  as  the  case  may 
be,  should  Im  calculated  to  do  the  continuous  work  of  t>oth  ends  of 
the  machine.  It  will  be  noted  In  equation  (2)  that  E  Tarlea  with  the 
square  of  the  velocity  of  the  fly-wheel;  we  can  take  advantage  of  this 
fact  sometimes,  where  a  punch  has  a  fly-wheel  that  Is  somewhat  too 
light.  The  machine  can  Ik  speeded  up,  which  will  give  the  fly-wheel 
more  energy,  and  In  this  way  will  punch  up  to  the  capacity  of  the 
machine. 

Umltatlons  of  Tly-whoel  Bl>«  and  Bpe«d 

In  practise  there  are  a  number  of  things  which  limit  the  diameter 
and  speed  of  a  fly-wheel,  and  In  such  casee  the  weight  must  be  gotten 
by  either  Increasing  the  face  and  tbickneea  of  the  rim  or  else  putting 
on  two  fly-wheels.  Table  III,  on  the  previous  page,  Elves  the  dimen- 
sions of  fly-vheels.  The  last  column  gives  the  maximum  R.  F.  M. 
at  which  a  cast  iron  fly-wheel  should  be  run.  There  are  cases  where 
vei^  high  speeds  of  fly-wheels  cannot  be  avoided,  but  as  far  as  pos- 
sible the  tendency  is  to  use  a  heavy  fly-wheel  at  moderate  speed  and 
on«  or  two  runs  of  heavy  gears. 

It  a  punch  Is  fitted  with  a  proper  size  fly-wheel,  and  the  motor  or 
pulleys  are  too  small  when  running  on  continuous  work,  the  machine 
win  slow  down  and  stop.  In  the  case  of  a  belted  machine,  the  t>elt 
will  break  or  slide  oft  the  pulley,  and  In  the  rase  of  motor  drive,  the 
motor  probably  will  I>e  so  overloaded  as  to  cause  It  to  burn  out  after 
running  awhile. 


We  can  determine  the  horse'power  necessary  to  run  a  punch  In  the 
following  manner;     Take  the  case  of  a  l-lnch  diameter  by   %-inch 
punch,  running  30  strokes  per  minute;  we  have 
ff^  2,950  foot-pounds  energy  per  stroke. 
Let  H.  P.  ^  horse-power, 

2V^numI)er  of  strokes  per  minute. 
We  then  have 

EXK 

H.P.=z (4) 

33,000 
2,950  X  30 

~      33,000 

=  2.7  H.  P.  for  a  single  machine,  or  2  X  2.7  =  5.4  H.  P. 
for  a  double  machine  with  t>otb  sides  running  con- 
tinuously. 
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A  macblDe  of  this  stze  would  most  Ukelr  be  run  with  a  single  belt 
which  would  be  considered  to  eiert  a  pull  of  40  pounds  per  Inch  width 
of  belt.    We  will  aeaume  a  certain  diameter  tor  the  pulley,  and  figure 
the  face  to  suit  the  required  horae^wer. 
Let  D  =  tlie  diameter  of  the  pulley  in  inches  =:  20  Inches, 
IE  ^  lace  In  Inches, 
n  =  17G  R.  P.  M.  of  pulley, 

DX»      *Oxa!X» 

BJ'.^ — ■ X ,  and  transposing  we  get 

12  33.000 

HJ»  X  12  X  33,000 

x^ for  single  machine  (5) 

D  X  I  X  *0  X  n 
2.7  X  12  X  33.000 

= =  2.46  Inches  belt  width. 

20  X  IT  X  40  X  17B 
^  say,  3  inches  belt  face  of  pulley  for  single  punch. 
For  a  double  punch  we  would  require  twice  the  power,  or  assuming 
30  inches  diameter  for  the  pulley  and  Bubstitating  In  (6),  we  get 
ffJ*.  X  12  X  33.000 
O  X  «■  X  40  X  n 
5.4  X  12  X  83.000 

_ =  3.25  Inches  belt  width. 

30  X  tX  40X175 

^eay  3%  inches  belt  face  of  pulley  for  double  machine. 
If  these  machines  were  to  be  motor  driven,  the  single  machine 
would  require  at  least  a  S-horse-power  motor  and  the  double  machine 
from  E  to  7^  horse-power  motor.  A  5-horse-power  motor  would  in  all 
probability  be  all  right,  as  a  double  machine  would  hardly  be  run  so 
as  to  use  every  stroke.  It  Is  always  best,  however,  to  have  a  motor 
that  la  a  little  larger  than  is  required,  as  punching  Is  very  severe 
work  on  the  motor,  especially  when  the  motor  Is  geared  to  the  fly- 
wheel abaft  through  cut  spur  gears.  The  variation  in  speed  Jars  the 
motor,  and  this  tells  on  the  windings,  etc.  The  variation  of  the 
speed  in  the  fly-wheel  has  less  effect  on  the  motor  If  it  is  belted,  or  if 
it  is  connected  to  the  machine  through  a  slip  gear  or  a  friction  clntcb. 
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CHAPTER   V 

SIMPLIFIED    METHODS    FOB    FLY-WHEEL 
CALCULATIONS 

In  the  preTioos  chapter  the  cuitomarj'  tnettiodB  and  formalas  have 
been  given  relating  to  the  deitsn  ot  fly-wheels  and  the  size  of  motor 
required  for  glvlDg  out  a  certain  amount  ot  energy  per  stroke  of 
tbe  machine  under  conelderatioD.  In  this  chapter  a  method  of  cal- 
culation will  be  given,  whereby  the  work  ot  finding  the  desired  resnlt» 
may  be  considerably  shortened. 

In  shears  ot  large  size  cutting  short  pieces,  where  tbe  maximum 
effort  may  be  required  almost  continuously,  It  Is  ot  great  Importance 
that  motor  and  fly-wheel  be  of  sufficient  capacity  to  perform  their 
work  properly.  Since  the  amount  ot  energy  to  be  given  out  by  tbe 
fly-wheel  depends  upon  the  size  ot  the  motor,  this  should  always  be 
determined  first.    Let 

B  ^  total  energy  re<[ulred  per  stroke, 

£,^  energy  given  up  by  motor  during  cut, 

£,^  energy  given  up  by  fly-wheel, 

T  ^tlme  In  seconds  per  stroke, 

I',=:time  in  seconds  In  which  B,  Is  given  up, 

3*1=:  time  In  seconds  in  which  E,  Is  restored  to  fly-wheel, 

T,^  Initial  velocity  of  fly-wheel  In  feet  per  second, 

T,  =  velocity  after  cut  In  feet  per  second, 

ii,  =  Initial  revolutions  per  minute  of  fly-wheel, 

ii,:=  revolutions  per  minute  after  cut, 

it, ^revolutions  per  minute  after  k  cuts, 

W  =  weight  of  fly-wheel  rim  tn  pounds. 

D  £=  mean  diameter  of  fly-wheel  rim  in  feet, 

Hi  =:  horse-power  required  to  cut  every  stroke, 

H.^boree-power  actually  used, 

a  ^width  of  fly-wheel  rim. 

b  ^  depth  of  fly-wheei  rim, 

g  =32.16. 

n  =  number  ot  cuts  shear  will  make  for  a  total  given  reduction  In 
speed. 

In  the  previous  chapter  this  formula  for  the  horse-power  required 
was  given: 
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SSQET,       ET, 

=  550  T,  H,= = 

5507  T 


^(■4) 


HavlDg  now  the  energy  tbat  must  be  given  out  tty  the  fly-wb«el,  w« 
can  proceed  as  tollowe; 
W 
W«  know  that  E,  = iT,'—Y,')  and  that 


1  =  0.00374  IP  «, 

60         / 

JDXwX  R%\* 

V,'  =  l ■■ 1  =0.00274 

\         60         / 


lys,' 

0.00274  iJ"  (Je,*- «,') 


E,  =  0.0300)26  WD>  (ft,'-*,')  <«) 

„.  = .  (4) 

0.0000426  i)'(*i'  -*'') 
Making  0.0000426  («,'—  «■')  =  CB,'  we  have 
E,=  CWD'Ri'  (B> 

»= '■ —  ") 

CD'R,' 

In  cast  Iron  fly-wheela  it  Is  UHual  not  to  exceed  a  speed  which  repre' 
Bents  a  fiber  atrees  of  more  than  1,000  poundB  per  square  Inch  of  rim 
cross  section.  The  stress  In  pounds  due  to  centritugal  (orce  equala 
0.0972  Vi'  for  cast  iron,  and  for  fly-wheela  having  a  maxtmum  stress 
of  1.000  pounds  per  square  Inch,  we  can  develop  the  following  for- 

0.0972  y,'=l,000;  T,  =  i01.5. 
DtS, 

But  7i  = ,  therefore  we  have 

60 
DicR, 

101.5  = , 

60 
101.6  X  60        1.940 
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1,940 


1.940' 


Squariag  (7)  we  haTe  R,'^~- 

D' 
Subatitutfng  tbla  Id  (6)  we  have 


CEfi- 


1940'       1940*  C 


Making  1,940=  C  =  C„  aod  - 


The  following  a 


:  the  valuea  of  C,  C„  and  C,  for  different  reductions 


0.00000213 
0.00000426 
0.00000617 
O.OO0OOS10 
0.00001000 
0.00001180 
0.00001535 


16.00 

23.20 
30.45 
37.60 
.  44.50 
57.70 


filse  of  Blm 


0.1250 
0.0625 
0.0432 


I  times  the  width. 


I  w 


(10) 

(11) 


X12D 
0  =  1.22  o 

These  two  formulas  can  be  changed  to  suit  any  required  ratio  of 
depth  to  width  of  rim. 
Let  V  =  required  ratio, 
|i.22W" 

(12) 
12  D» 

6  =  1/0  (13) 

Boect  ot  ObMifflnr  Slse  of  Motor 
Let  ua  now  suppose  that  we  do  not  wish  to  use  a  motor  large  enough 
to  cut  continuously,  and  desire  to  find  bow  many  cuts  the  machine  would 
make  cohtinuously  without  drifting  down  more  than  a  certafn  per- 
centage of  the  original  speed.    Transposing  (3)  we  have 

E,  ■*       . 


-I 


tt.'- 


0.0000426  WD' 


0.0000426  WD* 
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K  =  B,*  —  S,'.  and 

N  if. 

After  several  reducttone  ne  have 
H,  (R,'-fl,') 


and  elnce  if  =  B,'  - 
if,  (R,>-  R,') 


H,  -H, 
Tbc  time  now  required  to  bring  the  fly-wheel  up  to  full  speed  again 
after  n  cuts  will  be 
E, 

T,  = (16) 

550  H, 

BxamplSB 
We  will  now  work  out  some  examples  illustrating  the  use  of  these 
formulas. 

Example  1. — A  hot  slab  shear  Is  required  to  cut  a  slab  4  X  IS  locheE  - 
which,  at  a  shearing  stress  of  6,000  pounds  per  square  inch,  gives  a 
presHure  between  the  knives  of  360.000  pounds.    The  total  energy  re- 

4 
quired  for  the  cut  will  then  be  360.000  x  —  =  120.000  foot-pounds.  The 

12 
shear  Is  to  make  20  strokes  per  minute,  and  with  a  ali-lnch  stroke  the 
actual  cutting  time  Is  0.75  seconds,  and  the  balance  of  the  stroke  is 
2.35  neconds. 

The  fly-wheel  ts  to  have  a  mean  diameter  of  6  feet  6  inches  and  is 
to  run  at  a  speed  of  SOO  R.  P.  M.;  the  reduction  In  speed  to  be  10  per 
cent  per  stroke  when  cutting. 
120,000 

H,  = =:  72.7  horse-power. 

8  X  550 


/        0.75\ 
c(.__)  =90,00 


E,  =  120,000  X  1 1 1  =  90,000  foot-pounds. 

90,000 


=  6570  pounds. 


0.0000081  XB.S*X  300' 
Assuming  a  ratio  of  1.22  between  depth  and  width  of  rim. 


6  =  1,22  X  9.18  =  11.2  Inches, 
or  size  of  rim.  say,  9  X  11>^  Inches. 
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Example  2. — SuppoM  we  wish  lo  make  the  fly-wheel  In  Example  1 
with  a  stress  of  1,000  ponndB,  due  to  centrilugal  force,  per  Bguare  Inch 
of  rim  section. 

C,  for  10  per  cent  =  0.0328, 

W=0.0328  X  90.000  =  2.950  pounas. 
IMO  lOlO 

if,  = .    If  Z)  =  6ft.,  fi.  = =  823  R.  P.M. 


.=J 


12X6 


A=^2( 


6  =  1.22  X  6.4  =  7.8  Inches, 
or  size  of  lim.  say,  6>4  X  8  Inches. 

Exnmple  3. — Let  ua  now  suppose  that  In  Example  1  we  wish  to  use 
s  50  H.  P.  motor,  and  wish  to  find  how  many  cuts  the  shear  will  make 
conttnuouBly  without  drifting  down  mo're  than  20  per  cent  In  speed? 
And  what  time  must  be  allowed  for  the  motor  to  restore  the  fly-wheel 
to  its  original  speed? 
«,» -  fl,'  =  300'  -  160"  =;  14400 
S,*  -  ft,'  =  800'  -  leo*  =    7600 
73.7  X  14400 

50 

7600 

ti  = =  8.B6cnti 

72.7-50 
Allowing  the  shear  to  make  4  cuts  we  have 

"  '     ■     50" 

1 200»-  4  X  7600  +  8  X  7900  X =  IM  R.  P.  M. 

72.7 

E,  =0.0000426  X  0570  X  6.5'x  (2O0'-158')  =  176.000 foot-pounds,  about. 
I7.W00 

r,  = =  6.4  seconds. 

660x50 
Example  4. — Let  us  now  suppose  that  In  Example  2  we  wish  to  use 
a  GO  H.  P.  motor  under  the  same  conditions  as  In  Example  3. 
ft,'  -  ft,'  =  828'  -  258*  =  87750 
ft,' -'ft,*  =828* -391'  =  186.^0 
72.7X87750 

50 

19660 


')  =  170,000  foot-poimds,  about. 


Theee  examples  show  the  posulbllltleB  of  the  formulas  as  time-savers 
for  the  designer,  by  reducing  the  calculallonB  to  the  smallest  posslhlo 
number,  and  at  the  same  time  reducing  the  poBstblllty  of  error., 


n  = 

73.7- 

=  4  cnts,  nearly 

£j 

=  0.0000426 

X  2850  X  6'  X  (833'-  258 

Ti- 

170.000 

CHAPTER  VI 


PLY-WHEBL8    FOR   MOTOIUDBIVEN    PLANERS 

The  QueBtfon  of  motor  drlT«  for  high-speed  planing  machines 
brings  forward  many  Interesting  problems,  among  which  the  ascer- 
talnlng  of  the  correct  dimensions  for  the  flywheel  Is  not  the  lenst. 
The  primary  function  of  a  fly-wheel  Is  here  not  bo  much  the  preserra- 
tlon  of  a  constant  speed  as  the  relieving  of  the  motor  from  excMstre 
shock  at  the  instant  of  reversal. 

A  Bbunt-wound  motor  tends  to  keep  the  same  speed  at  all  loads,  but 
must  necessarily  slow  down  for  a  moment,  however  large  the  fly- 
wheel at  the  Instant  of  reverBal,  thus  tendlag  to  spark.  Of  course, 
the  larger  the  motor,  the  greater  the  store  of  energy  In  the  armature, 
consequently  the  smaller  the  drop  In  speed  and  less  teadeocy  to  spark- 
ing. A  com  pound- wound  motor,  on  the  other  hand,  will  drop  slightly 
In  speed  under  heavy  loads,  the  percentage  of  drop,  of  course,  de- 
pending upon  the  amount  of  compounding.  It  is  this  property  of 
the  compound  motor  which  enables  the  fly-wheel  to  perform  its  work 
satlefactorily.  A  correctly  designed  fly-wheel  will,  at  the  moment 
of  reversal,  keep  up  the  speed  of  the  motor  slightly  higher  than  that 
corresponding  to  the  load  on  the  motor  at  that  instant,  thus  eliminat- 
ing all  poaslbllity  of  Bparklag. 

Now  the  determining  of  the  dimensions  of  the  fly-wheel  before  the 
machine  is  made,  to  fulllll  these  conditions,  neceseltates  close  scrutiny 
of  the  engineering  press,  so  ss  to  be  continually  cognizant  of  tests 
taken  at  different  times  on  high-speed  planing  machines.  A  better 
method,  where  practicable.  Is  to  test  the  machine  before  deciding  upon 
either  tlie  motor  or  the  fly-wheel. 

A  machine  recently  tested  under  the  latter  condition  gave  the  fol- 
lowing: Average  horse-power,  cutting,  19;  average  horse-power,  back- 
ing, 11.  At  the  instant  of  reversal  to  backing  stroke  the  ammeter 
needle  Jumped  to  190  on  a  220-volt  circuit,  showing  maximum  horse- 
power to  be  about  55.  and  the  time  taken  up  from  the  table-striking 
the  dog  to  the  attainment  of  maximum  tracking  speed  was  3  seconds. 
It  was  decided  to  drive  this  machine  by  a  30  B.  H.  P.  motor  at  500 
revolutions  per  minute,  compounded  so  as  to  give  a  maximum  varia- 
tion of  about  12  or  14  per  cent.  Allowing  a  40  per  cent  momentary 
overload  on  the  motor  would  bring  the  maximum  horse-power  allow- 
able on  reversal  to  42,  and  the  additional  13  horse-power  would  have  to 
be  supplied  by  the  fly-wheel.  The  dimensions  of  the  wheel  were  ob- 
tslned  in  the  folkiwlng  manner: 

As  energy  In  a  moving  body  varies  directly  as  V,  where  T  = 
velocity  In  feet  per  second,  It  is  clear  that  the  best  plsce  for.  the  fly- 
wheel Is  upon  the  shaft  having  the  greatest  number  of  revolutions  per 
minute,  which,  of  course.  Is  the  motor  shaft.    From  the  figures  glven^ 


hfOTOR-DRiVEN  PLANER  FLY-WHEELS  *^ 

It  will  be  ae«n  that  th«  wheel  must  be  capable  of  parting  wltb  auffl" 
dent  enersT  to  ilevelop  13  hone-power  during  the  time  of  reTeraal, 
viz.,  3  seconds,  and  Its  drop  In  speed  must  not  exceed  10  per  cent,  so 
aa  to  keep  the  actual  variation  sllgbtlr  below  that  allowed  br  the 
motor. 

13  X  33.000  X  3 

Energ7  to  be  given  out  by  the  fly-wheels . 

«0 

Now  asEume  If  to  be  the  store  ol  energy  In  toot-pounds  In  tbls  fly- 
wheel when  It  makes  one  reTolution  per  minute;  then,  as  the  energy 
varies  as  F*,  and  V  varies  as  the  revoiutlons  per  minute,  the  store 
or  energy  In  the  wheel  when  making  600  revolutions  per  minute  = 
M  X  600". 

Aa  the  drop  of  speed  of  the  wheel  ^  10  per  cent  of  speed  of  wheel, 
the  speed  of  the  wheel  at  the  end  of  three  seconds  ^  500  —  10  per  cent 
of  600  =  460  revolutions  per  minute,  and  the  store  of  energy  then  In 
the  wheel  =  If  X  460'. 

Thus  the  energy  given  up  by  the  wheel  In  being  reduced  from  500 
to  450  revolutions  per  minute  =  Jtf  (600"  —  460"). 
13  X  33.000  X  3 

But  the  energy  given  up  muBt  = ,  as  already  shown; 


therefore  U  (500'- 


0  (500'  — 450') 
3  X  33.000  X  3 


GO  X  47.500       . 
If  =  0.46  foot-pounds. 
Therefore,  the  store  of  energy  in  the  fly-wheel  when  making  1  revo- 
lution per  minute  ^  0.45  foot-ponnda. 

The  limit  of  peripheral  speed  of  plate  fly-wheels  generally  allowed 
in  machine  tool  practice  Is  about  7.000  feet  per  minute,  which  quan- 
tity will  enable  us  to  flnd  the  outside  diameter  of  the  wheel  thus: 
7,000 

=  4.4  feet. 

3 1416  X  BOO 

WV 

As  the  energy  in  a  revolving  wheels ,  where  T^velocity  In 

2(7 

wr* 

feet  per  second  at  center  of  area  of  rtm,  must  equal  0.4G  when 

2p 

the  wheel  makes  1  revolution  per  minute.    Therefore  ^0.45. 

2  X  32.2 
Telocity  of  wheel  in  feet  per  second  when  wheel  makes  1  revolution 


J}^ 
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<  3.1416 


;  Uie  diamflter  of  the  wbeel  to  center  ot  area. 

It  will  b«  seen,  Is  taken  as  4  leet,  4.4  r«et  belnc  the  outside  diameter; 
thus 
W  X  4  X  4  X  3.1416  X  3.1416 


2  X  32.2  X  60  X  60 
0.45  X  2  X  32.2  X  «0  > 


;  17  =  660  pounds. 


4  X  4  X  3.1416  X  3.1416 
Thus,  knowing  the  outside  diameter  and  the  weight  of  the  whMl, 
the  other  dimensions  are  very  eastl;  sscertalned. 
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